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TIMERS €6) RELA 


PROCESS TIMER 


This unit embodies a 
synchronous motor wound for 
240 V.A.C. and clutch 
mechanism, is provided with 
four change-over contacts rated 
at 6 amps. 240 V.A.C. and 
adjustable from 0.3 seconds to 
6 hours. 

Write for leaflet E.G. M.Z.I1 


SEALED MERCURY RELAY 


This relay is the sturdiest yet 
designed, constructed almost 
entirely of steel and ceramic 
materials, without glass parts. 
It can be operated in any 
direction within 50° of the 
vertical line. 

This unit will withstand 
momentary short circuits 
without damage. 

Wrice for leaflet E.G. $.R.12 


MICRO SWITCH RELAY 


The contacts of this Relay are 
totally enclosed and the coil 
operation is especially 
constructed to operated on A.C. 
supply, the unit can be mounted 
in any position, Contacts are 
rated at 6 amps single, double 
and triple pole change over. 
Write for leaflet $.24 M.S. 
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| CONTROL 
Millivolts to 


I 
| Mail 

| | 1 lamps FULL STEAM AND NEW SKIPPER 
t - : 





— r ' This issue of CONTROL is the first normal 






one since the printing dispute. We say 
‘normal,’ but a printing dispute, like most 
disputes, has its aftermath, and last 
month’s issue appeared very late. So our 
Production Department and our printers 
were set quite a task to produce this issue 
in time for the Farnborough Air Show. 
As you will see, it carries a full preview 
of the exhibition at Farnborough, and 
some other articles on aircraft and guided 
weapon subjects. From now on we trust 





our production troubles are over and that 


CONTROL will be reaching you regularly in 





j the early part of each month. 
i There is one important change on 
| CONTROL’s staff we want to tell you about. 
j Operating from a 200/250 V 50 c/s the Christopher Rivington, who has edited 
I Servo-Pot produces a d.c. milliampere output CONTROL since the first issue, has now left 
proportional to the d.c. millivolt input. pant svat : 
| Negligible current is drawn from the input us to join the book-publishing firm of 
i source. ‘ ; 
i | It is designed for use with very low millivolt Blackie & Son. We wish him good luck in 
i; devices, e.g. thermocouples, providing power his new post, and we welcome Arthur 
| for indicators, recorders or controllers. 
Overall accuracy is +1% of input or +0.05 Conway, who succeeds him and will be 
j millivolts, whichever is the greater. 


editing CONTROL from the October issue 
with the onwards. He joins Rowse Muir from 
Atomic Power Constructions, and he has 


had previous editorial experience on the 


staff of The Engineer, and previous con- 


Sou Sz trol experience with BISRA and De 
QO Havilland’s. Conway is a qualified mech- 





anical engineer with an excellent know- 
. ledge of automatic control in theory and 


| anscant practice, and we count ourselves very 


west) fortunate in obtaining his services, to 
succeed someone who has given CONTROL 
a good start. We look forward to publish- 
SANGAMO WESTON LTD s , 
ENFIELD - MIDDLESEX - Phone ENFIELD 3434 (6 lines) & 1242 ing future numbers of CONTROL with even 
(6 lines) - Grams: Sanwest Enfield = 
LONDON + GLASGOW - MANCHESTER - NEWCASTLE-ON-TYNE - LEEDS + LIVERPOOL better editorial pages than before. 


WOLVERHAMPTON - NOTTINGHAM - BRISTOL - SOUTHAMPTON 
Sw /82 
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SILICON 
RECTIFIERS 


up to 600 Volts PIV. 
RFit 


TEXAS SILICON RECTIFIERS Offer excellent high temper- 
ature characteristics. For example the stud-mounted 
type gives an output of 3 amperes at 50°C and will 
still provide 1 ampere at 150°C with no change in the 


characteristics of representative devices of each type. 
Have you received your copy of the latest Texas 
Application Report “D.C. Power Supply Circuits using 


Silicon Rectifiers ’’? If not, or if you require fuller details 
rated peak inverse voltage. The rugged, welded housing of Texas Rectifiers, please write your name and 


with glass-to-metal seal provides high resistance to address in the margin and return this advertisement 
shock and vibration. Listed in the table below are the to us. 


1Si11 1S115 

MAXIMUM RATINGS eneseniiaahael bi sia eeeeeetneaoes 
Peak Inverse Voltage at —- 65°C to + 150°C ’ 200V 600V 200V 600V 
Average Rectified Forward Current at + 50°C t 400mA t400mA *3A "3A 
Average Rectified Forward Current at + 150°C 150mA 150mA *1A *1A 
Recurrent Peak Forward Current at + 50°C T1-25A T1-25A *10A 

Surge Current for 10 Milliseconds 


6A 6A 33A 33A 
Operating Temperature, Ambient inmaealiatinen 65°C to + 150°C Se 
SPECIFICATIONS 


Minimum Breakdown Voltage at + 150°C ’ 240V 720V 240V 720V 
Maximum Reverse Current at P.I.V. at + 25°C 


0-2uA 0-2uA 10uA 10nA 
Maximum Forward Voltage Drop at + 25°C 1-0V 10V 1-1V 1-1V 
(I,=400mA) (Ip=1 Amp) 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD CABLES: TEXINLIM BEDFORD 
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REG. TRADE MARK 





Control oa Engineers 





Write Now 
For leaflet 0119 


Describing ARCA 
PRESSURE REGULATORS 
In 4” to 10” Bore Sizes 





Write today for leaflet 0119 which describes 
the Control Valve with single seated, double 
liner, balanced and ported internals—A 
Valve that combines accurate control with 
simple robust construction—A Valve that 
will give tight shut-off after very long 
periods of continuous and arduous 
operation. 


BRITISH ARCA REGULATORS LTD., 


Sisson Road, Gloucester (Gloucester 24901) 
London Office: 25 Victoria Street, $.W.1. Abbey 412! 
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The Editor welcomes correspondence for publication. 


Laplace simplified 











LETTERS TO CONTROL 


SIR: In your report by Dr. G. D. S. MacLellan 
on the Conference on Control Education at 
Cambridge (May, p. 109), it was implied that 
students experience difficulty with Laplace trans- 
form techniques and that lack of knowledge 
thereof only precludes the reading of a few 
American textbooks. I believe the former to be 
due to the lack of application of simplifying tech- 
niques and the latter to be erroneous. Very few 
British or American textbooks, particularly re- 
cent works, do not use Laplace transform 
methods. 

Laplace transform methods provide a conveni- 
ent means of introducing the important concept 
of a complex frequency, and allow simplifica- 
tions in obtaining transfer functions, transient 
and frequency response in design in the ‘ p plane,’ 
including the work of Bode, Evans and others. 

Perhaps I might offer a few constructive sug- 
gestions on simplified presentation methods. The 
transform of e* is readily established, from 
Sc e?'et'dt as 1/(p +a) and hence fe’! as 
1/(p + jw) giving (p — jw)/(p? + w?). Taking real 
and imaginary parts of e/“* and of this transform, 
we have £ cos wf = p/(p? +?) and £ sin wf 
= w/(p* + w*). Also fe*te/et 1/(p + a jw) 
replacing a by a— jw; this gives (p + a+ jw) 
[(p + a)* + w?]. Proceeding as before, we find 
Le*'coswt = (p + a)/[(p + a)? + w?] and 
fe“'sin wt w/[(p + a)? + ow]. Putting sinh wf 

-jsinjot and cosh wt = cosjwt gives sinh, 
cosh and exponentially multiplied forms. Thus 
nine of the most important transforms are estab- 
lished from one integration: most textbooks de- 
vote several pages to these by deriving each inde- 
pendently. 

The impulsive function §(f) is readily estab- 
lishéd as a narrow pulse of time duration e and 
height 1/e where e — 0. This clearly has unit area, 
giving £8(t) = 1, and provides the simplest ex- 
pression for a forcing function; so that the im- 
pulse response, being the inverse transform of 
the transfer function, is easily obtained. Since an 
impulse is the time derivative of a step function, 
the step response will be the time integral of the 
impulse response. A further simplification can be 
effected by using the error/output transfer func- 
tion instead of the output/input. This usually re- 
duces the number of partial fraction coefficients 
by one. 

Wimbledon Technical College N. G. MEADOWS 


@ Dr. MacLellan comments : 


‘I welcome Mr. Meadow’s interest and his discus- 
sion of teaching problems and methods. In my 
experience the algebra involved in the application 
of Laplace transform techniques causes the 
mathematically inclined student little difficulty, 
though the significance of what he is doing may 
well worry him. However for understanding 
elementary control theory there is little of educa- 
tional value in learning how to use tables of 
transforms, or even how to derive them. When 
emphasis is being laid on the fundamentals of 
automatic control, it seems preferable to carry 
through the analysis in terms of ordinary differ- 


continued on page 77 
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ential equations, with which the student is likely 

W HAT FY FR TH F AN 4 [EF already to be familiar, aided by block and/or 

dependence diagrams and the operator D = d/dt. 

A discussion of the solution of differential 

equations in terms of the complementary func- 

tion and the particular integral leads simply and 

directly to transient and frequency response and, 

if required at a more advanced stage, to the 

representation of system characteristics in terms 
of poles and zeros.’—EDITOR 


0-78 not 0-80 
SIR: May I point out a small numerical mistake 
in Data Sheet 9, by Dudgeon and Rowe (CONTROL, 
March 1959, p. 77). The value of optimum damp- 
ing ratio for 2% tolerance, stated in the table 
to be 0°80, is actually about 0°78. A ratio of 
0-80 is rather the optimum for 1:5% tolerance. 
The above-mentioned remarks can be verified 
by simple calculation, but a glance at Fig. 2 of 
the Data Sheet is sufficient to indicate that there 
is some discrepancy between the graph and the 
table for values of tolerance between 1 and 3%. 
Haifa, Israel N. SHNEYDOR 
@ The authors agree that there is a discrepancy in 
| the values of tolerance between 1 and 3%, and 
apologize for interpolating from the graph where 
calculation would have been more precise. The 
graph has suffered somewhat by being reduced 
for reproduction, but the values of settling time 
given in the table are correct EDITOR 























































Pneumatic 
cylinders 
are right 


Dependence diagrams 
SIR: As a comment on Mr. Bhatt’s letter in 
your April issue, I wish to emphasize further the 
importance of these methods in teaching and 
studying various physical phenomena—other than 
servo systems—in which a scheme of dependence 
in a cause-effect sequence can be recognized, as 
for example the familiar problem of a mass on 
e the end of a spring. 
M i n 0 r I have found that the greatest difficulty experi- 
’ enced by students is appreciating mathematically 


a physical system; block diagrams form the per- 
S t a n d ar d a n d fect link for correlating the two, and thus more 
fully appreciating both mathematics and system. 
Further the rules for reduction allow a purely 
mechanical transition from the initial diagram 
to the system transfer function, and the setting 
up of a block diagram forces one to think the 
system out in detail. 
University of New South Wales E. C. HIND 


No control by correspondence 

SIR: Unfortunately I am a long way from my 
mathematical education, and a very raw beginner 
in the control field, and would therefore appreci- 

ate any advice you can provide regarding corres- 
pondence courses available in the UK, which 
would bring me up to date on control engineer- 
ing from A to Z, so that 1 can use more com- 
pletely the articles in your publication. 

Brisbane, Queensland R. B. FARR 

There are so far as we know no correspondence 


MARTONAIR LIMITED | courses on control engineering provided in this 


country. See the reply to a similar letter to yours 
4 PARKSHOT - RICHMOND - SURREY published in the April issue this year, p. 61. 
I Telephone: RiChmond 220! You may care to approach one of the schools 


whose names we are sending you direct—EDITOR. 
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Four first-class 
performers 


These four Cossor Oscillographs, each designed 
for an important range of applications, offer first-class performance backed 
by rigid adherence to published specifications. 


MODEL 1065 
PULSE 
OSCILLOGRAPH 


Tube: single-beam, P.D.A. 
Bandwidth: d.c. to 15 Mc/s 
(—50%). 

Sensitivity: 250 mV/cm. 
Overshoot: less than 3%. 
Time-base: triggered or 
repetitive over range 

40 cm/sec to 5 cm/sec. 

X Amplifier: gain 5, 
continuously variable. 
Time-base delay: 

2 ranges, continuously 
variable. 

Calibration: voltage and 
time, by calibrated shifts. 
Probe: 1.5 MQ, 12 pF. 


MODEL 1049 
INDUSTRIAL 
DOUBLE-BEAM 
OSCILLOGRAPH 


Y Amplifier: Al: d.c. to 
200 kc/s (—30%) at 
gain 900: A2: d.c. to 
400 kc/s (—30%) at 
gain 30. 

Time- Base: repetitive 

or triggered in 18 ranges, 
down to 7.5 sec/sweep. 
Intensity modulation: 
three modes including 
beam bright-up. 
Calibration: time and 
voltage, by calibrated 
shift (X and Y1) and 
multiplier (Y2). 


MODEL 1058 
FOR THE TV & 
RADIO ENGINEER 


Tube: single-beam 
Bandwidth: d.c. to 

6 Mc/s (—S0%). 

Sensitivity: 250 mV/cm. 
Time-Base: triggered or 
repetitive, over range 

30 cm/sec to 1.5 cm/psec. 
Special facilities for 
triggering from TV line or 
Frame pulses on IV.D.A.P. 
composite video waveform. 
X Amplifier: gain 5, 
continuously variable. 
Calibration: time and voltage 
calibration facilities. ¥ 


MODEL 1035 
GENERAL PURPOSE 
DOUBLE-BEAM 
OSCILLOGRAPH 


Y Amplifiers: Al: 5 c/s to 

5 Mc/s (—30%). Maximum 
gain 3,000. A2: 5 c/s to 

250 kc/s (—30%%) at gain 30, 
with trace inversion facility. 
Time-base: repetitive or 
triggered in 9 sweep ranges 
from 100 msec to 10 usec. 
Time-base delay and pulse 
bright-up facilities. 

X Amplifier: gain 5, 
continuously variable. 
Calibration: voltage and 
time, by calibrated shifts. 


Let us send full details of Cossor 
Instruments or arrange for a representative to discuss your special needs. 


COSSOAR isstevmenrs iro 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London. Cables: Cossor, London. Codes: Bentley’s Second. 
TAS/C1.19 
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CONTROL 


Society tangle 


N Britain today the young control engineer 
i faces a plethora of professional bodies that 

claim his attention. The Institutions of 
Mechanical, Electrical, Chemical, and Production 
Engineers, the British Institution of Radio Engin- 
eers, the Royal Aeronautical Society, the Society 
of Instrument Technology—the list could easily 
be extended. Like cures for rheumatism or 
methods of street lighting, the very multiplicity of 
societies catering for control engineers shows that 
none is wholly satisfactory for the job. 

Most engineers join a professional society for 
the sake of the qualification it awards, for the 
opportunity of meeting other engineers of similar 
interests, for technical information provided 
through meetings, publications and a library, and 
for the chance of contributing themselves towards 
the well-being of their profession. At present the 
British control engineer who seeks high profes- 
sional qualification clearly needs to become a 
corporate member of either the Mechanicals or 
the Electricals. (Membership of the Chemicals 
though of comparable status is probably not so 
useful to the control engineer.) But apart from 
qualification, neither the Mechanicals nor the 
Electricals provides fully what a control engin- 
eer looks for in a professional society. A glance 
at the year’s programme of meetings, or half-an- 
hour in one of the two libraries, will satisfy a 
systems-minded engineer on this point, notwith- 
standing the growing interest in the subject by the 
Mechanicals, and their issue last year of a policy 
statement. Nor do we forget that the Electricals 
held an admirable and catholic convention on 
automatic control in 1947, whose proceedings still 
form an excellent reference. 

So the keen control engineer finds it necessary 
to join one or more of the other societies accord- 
ing’ to his interests—societies which can offer him 
information and contacts not to be gained from 
Storey’s Gate or Savoy Place. 

This situation is not unacceptable to present 
professional control engineers, most of whom ori- 
ginally qualified as mechanical, electrical or elec- 
tronic engineers. But the rising generation of con- 
trol engineers will, increasingly, be trained in their 
subject from college days, and will rightly demand 
a qualification and a professional society wholly 
germane to it. A splinter society will inevitably 
appear, if the present professional services for the 
control engineer are not improved. 
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Two ways of doing this suggest themselves to 
us. The first lies in expansion of the SIT, a vigor- 
ous, successful and growing society, whose field, 
though biased towards process industries, comes 
nearer that of the control engineer than any exist- 
ing society in Britain. Were it to award qualifica- 
tions, change its name, broaden its scope to in- 
clude more kinetic control, and start a library and 
other central services, it could then become the 
recognized institution of control engineering. 

The second way is by a consortium of engineer- 
ing societies, which would award its own central 
qualification in control engineering. This qualifi- 
cation would admit the control engineer to mem- 
bership of any of the constituent societies (on spe- 
cial terms), to obtain the services he needed. We 
cannot here dilate on the theme of the ‘ general- 
ist’ as against the ‘ specialist’ engineer, but the 
control consortium might be useful in introducing 
engineers of unusually broad outlook among mem- 
bers of specialized engineering bodies. 

Of course a consortium already exists in the 
British Conference on Automation and Computa- 
tion. But it is not a qualifying body and it includes 
many non-engineering societies. It is somewhat 
cumbersome, and its usefulness seems at present 
limited to exchanging ‘diary’ information between 
member societies and in seeing that Britain is re- 
presented at international congresses. Moreover the 
BCAC’s failure to accept the BritIRE’s applica- 
tion for membership shows that it is not as repre- 
sentative as it purports to be. We hold no particu- 
lar brief for the BritIRE’s control and computer 
activities but that institution clearly has as much 
right to be a member of the BCAC as many other 
member societies, and events like the Convention 
on ‘Electronics in Automation’ should certainly 
be made known to members of BCAC societies. 
We suggest to the BCAC that it might now make 
amends for its petty behaviour by inviting the 
BritIRE to join it. 

Whether the SIT, the consortium or another 
solution is eventually adopted, it should surely be 
worked out by collaboration among established 
engineering societies. In chemical engineering the 
Chemicals had a hard struggle for full recognition; 
in control engineering is it too much to hope that 
the major engineering institutions will give a lead 
rather than fight a future rearguard action—by 
beginning discussions now on the best form of 
society for professional control engineers? 










11 detailed REASONS WHY 
Production Engineers rely on 


AXAM precision AND QUALITY 


Patented Internal Retainer 













Endcap Sealing 
Extra- wide Piston 


Heavy-duty Piston Rod 


Circlip for Easy Removal 
of Gland Housing 


improved Cushioning 


Cylinder Body 





Double Gland Packings 






















Special Patented ‘E’ Packin 
Extra-long Bearing " > 






Complete reliability and unrivalled efficiency of operation 
begin in the Design D.O. Study this part-section of a MAXAM 
pneumatic/hydraulic cylinder and you will appreciate how 
attention to minute details of design gives MAXAM products their 
world-beating quality and proved reliability. 


* Extra-wide Piston —for greater bearing surfaces. 
* Heavy-duty Piston Rod— manufactured from the finest stainless 


* Double Gland Packings— provide effective air/oil seal for 
pneumatic or hydraulic operation. 





steel, surface-ground to fine tolerance. Hard chrome-plated rods * Circlip for Easy Removal of Gland Housing — simplifies 
can be supplied. maintenance. 
* Improved Cushioning —ensures controlled deceleration without * Endcap Sealing —for low-pressure hydraulic operation. 
impact. 
* Special Patented ‘E’ Packings—having integral retaining rings 66°. of current production from our machine shops is for companies 


whose designers— with experience of MAXAM< product quality, per- 


to provide effective scaling. formance and reliability—have planned their future production 


* Honed Bore— minimises friction and packing wear. Improved machines with MAXAM< Fluid Power Equipment in mind! 

efficiency due to more effective sealing of piston packings. 
* Cylinder Body — material strength protects against deformation. MAXAM POWER LIMITED Rei 
* Patented Internal Retainer —eliminates external methods of Camborne, England. Telephone: Camborne 2275 (10 lines) S 

securing end-caps. Maximum size of cylinder is o/d of body. London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 

0 
4 —— . : A company in the Holman Group which has branches, 

* Extra-long Bearing — in the front end-cap provides substantial technical representatives and agents throughout . Sour 


support for piston rod. the United Kingdom and the world 










For completely reliable operation 
with maximum economy — specify 







Fluid Power Equipment 
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: A monthly article by a promin- 
INDUSTRY S VIEWPOINT ent man in the control industry 


on a subject chosen by himself 








Michael James, de Havilland Propellers’ 
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WHEN IS THE CONTROL ENGINEER GOING TO 
appreciate the great potentialities of digital as 
opposed to analogue systems? For unless he does 
recognize their advantages, and by his own applica- 
tion of digital techniques urges further develop- 
ment, we as a country are not going to stay abreast 
of international progress in automatic control. 

The binary digit, or bit, either a 1 or 0, is one of 
the basic concepts in nature. It is a simple concept 
which provides certain advantages over analogue 
techniques. 

Take cost for example. If it is specified that a 
measurement and control system should be to 1% 
accuracy, then all elements in the system must 
individually be even better than this figure. In 
analogue systems cost rises according to a steep 
exponential law as the demand for accuracy in- 
creases; for accuracies better than 0°01%, analogue 
systems are prohibitive in cost. 

With a digital system, however, once a digital 
‘word’ has been obtained which relates the value 
of the measured parameter in digital language, then 
there is no subsequent loss of accuracy no matter 
how much computation or inter-relation there may 
be. Accuracy in a digital sense is purely a function 
of word length. The cost of a digital system can, 
therefore, be based roughly on the cost per bit. 
Hence, to a first approximation, cost and accuracy 
are linearly related. 

What of reliability? As control systems will of 
necessity become more complex, and the degree of 
unsupérvised operation increases, reliability studies 
will begin to have real meaning. It must be remem- 
bered that overall reliability equals the product of 
the reliability of the components. Thus suppose a 
control system has 100 components each of 99%, re- 
liability, then the overall reliability will be 36°5%. 
The analogue device, as it becomes more accurate, 
is particularly susceptible to this sort of reliability 
fall-off, since the precision and complexity deman- 
ded of it have an adverse effect on component life. 
Simplicity is necessary for reliability but,-with an 
analogue system, accuracy and complexity of a 
control application may not allow this. However, 


Chief Systems and Electronics Engineer, demands 
digital rather than analogue systems in 


DIGITS FOR CONTROL 


what could be simpler than the basic on/off switch 
used in the digital approach ? Digital devices show 
the way to fully-automatic unattended control: first, 
because each of the simple binary elements may be 
designed to have extremely high reliability, and 
second, because monitoring may be obtained by 
the incorporation of parity or error-checking codes. 

As for performance: a prime advantage of digi- 
tal systems is the facility with which they can 
handle control problems involving considerable 
computation. An example of this could be product 
quality control on-stream. The digital system can 
arrive at product quality by computation based on 
pertinent variables. An analogue system, however, 
soon runs into practical difficulties if required to 
perform extensive calculations, particularly when 
the nature of these calculations may change at 
short notice. 

Several courses of action will be necessary before 
the digital system comes into its own. First and 
foremost, the interest and active participation of 
the control engineer must be aroused so that he 
can examine for himself how digital systems can be 
put to work with advantage in his own plant. A 
range of reliable digital transducers, of economic 
price, is required and, as an intermediate step, so 
are simple and reliable analogue-digital converters. 

Standard digital ‘ bricks’ will be necessary, and 
so will logical principles for their use in order that 
they may be produced cheaply and consistently in 
quantity and yet applied in tailor-made fashion to 
particular problems. 

Furthermore, sampled data servomechanisms 
and high performance electric actuators should be 
developed to work in conjunction with digital 
systems where information usually flows on a 
sampled or statistical basis. 
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DESPITE THE FACT THAT THE AIRCRAFT 
industry is able to plead poverty with 
rather more justification than those other 
perennial pleaders, farmers and fisher- 
men, this year’s SBAC Show should be 
one of the most successful to date. There 
are 376 exhibitors, a record number, and 
the largest-ever number of overseas visi 
tors is expected to attend. At the moment 
the industry’s exports are running ai 
about £175 million a year, so the poten- 
tial buyer from overseas is very much 
the honoured guest. 

The control and instrumentation en- 
gineer will find a great deal to interest 
him in the 195,000 ft? static exhibition. 
Many manufacturers of control and 
allied equipment tend to unveil their 
newer techniques and products at Farn- 
borough, for reasons which are hard to 
decipher. It could be merely that control 
engineers like aeroplanes and, therefore, 
apply a possibly disproportionate amount 
of their energies to aeronautical prob- 
lems. Furthermore, the Farnborough 
Show has the day-in-the-country sort of 
attraction that the better agricultural ex- 
hibitions have, an attraction that is often 
sadly lacking in the hot and dusty exhibi- 
tion halls where control and instrumenta- 
tion displays are normally held. Whatever 
the reason, the SBAC Show does attract 
the best in control engineering, and we 
hope to highlight the most interesting 
exhibits. 


Navigational computation and 
control 
Many firms with radio-radar back- 
grounds are showing airborne equipment 
which incorporates a data processing 
facility, most of it of an analogue nature. 
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What to see at the Society of 
British Aircraft Constructors’ 
20th Flying Display and Exhibition : 


Control at Farnborough 


Ferranti’s AIRPASS (Airborne Intercep- 
tion Radar and Pilot’s Attack System), 
which is housed as a single unit inside 
the centre body of the engine air-intake 
of the English Electric ‘Lightning’ 
(ex-Pl1) is shown for the first time 
(105-106) This is a pilot-operated search- 
and-track radar which incorporates a 
computer for working out the correct 
course for the final attack. 

The Aviation Division of Elliott 
Brothers (218) are showing their air data 
system which provides centralized meas- 
urement, computation, correction and 
electrical transmission to servo-operated 
presentation units. They claim that it 
will enable improved instrument presen- 
tation and the opportunity to replace the 
conventional method of supplying aero- 
dynamic information on an individual 
capsule instrument basis. 

Elliott’s are displaying a large model 
of the Vickers VC10 jet airliner, cut 
away to show their flight control system. 
This is a twin Bendix-Elliott autopilot 
installation either instrument being used 
in normal en-route flying. Each provides 
ils. coupling with  fully-automatic 
throttle control, v.o.r., clutched and pre- 
set heading control, and height, airspeed 
and Mach number locks. Dual yaw 
damper and dual automatic trim are in- 
corporated. The system is completely 
transistorized with small plug-in comput- 
ing and amplifier modules. A ‘ compari- 
son monitor’, comprising a set of sensors 
and computer elements, operates in 
parallel with the associated ‘driving’ 
autopilot to assess any differences be- 
tween them and disengage the autopilot 
if tolerances are exceeded. Air data for 
heights, speed and Mach number locks 


Fig. 1 Short SC.1] VTOL research aircraft 











are derived from a sensor which employs 
servoed transducers with integrated com- 
puting elements. Potentiometers on the 
output shafts of the air data sensor con- 
trol the gains of various autopilot and 
damper loops to ensure optimum auto- 
control. Electromechanical autopilot 
actuators aré integrated into the VC10’s 
powered controls. On ‘ manual’, damper 
demands with restricted authority are 
added to pilot’s demands; on ‘ autopilot * 
the power control position feedback is 
locked and replaced with electrical feed- 
back. ‘ Auto-flare’ and ‘ Autolanding’ 
requirements are catered for. 

Flight Refuelling have a model of the 
new long-range Meteor target U Mk. 16 
on Stand 167. The long nose of this air- 
craft houses the new Elliott type B4 
autopilot, which is yet another example 
of the coordinated concept in control. 

Airborne computation is featured by 
Sperry Gyroscope (279) whose Industrial 
Division developed magnetic drums in 
collaboration with AT & E for auto- 
matic telephone networks. They are now 
developing storage drums for airborne 
computers. The Sperry Radio Track 
Guide is a simple airborne analogue 
computer which transforms data from 
ground radio aids using two coordinates, 
together with route data contained in a 
punched-card programme, into signals 
which indicate aircraft position as a 
tracking error and distance-to-go with 
respect to required track. The tracking 
signal output can be applied to a flight 
director or to an autopilot. 

Several other companies incorporate 
airborne computers in navigational aids. 
Smiths Aviation Division (1-4) have their 
new, type 4, Flight System, and both 
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Marconi’s Wireless Telegraph Co. and 
Canadian Marconi (12-16) show Doppler 
Navigators. The MWTI Dopplers are 
available either as a sensor and indicator 
drive unit alone, giving ground speed 
and drift and distance flown, or as a 
sensor plus either of two computers to 
give much more information. 

Canadian Marconi’s Doppler, DAG- 
MAR (drift and groundspeed measuring 
airborne radar), is exhibited in conjunc- 
tion with their new CMA-601 navigation 
computer, a transistorized design weigh- 
ing less than 25 lb. Basic navigational 
drift and heading data are obtained from. 
the Doppler and the gyro compass, this 
providing the angular input to the com- 
puter, groundspeed from the Doppler 
tracker being the other input. Analogue 
working with groundspeed information 
delivered in the form of synchro data is 
also possible. Two systems of digital 
counters provide track and distance-to- 
go, one active and the other pre-pro- 
grammed. 

The Decca Navigator, with the type 
930 flight log analogue computer is on 
Stand 59, and it is likely that DIAN— 
Decca Integrated Airborne Navigator— 
will also be shown. DIAN is an integra- 
ted Decca-Dectra-Doppler navigational 
system. 


Gyroscopes 

Ferranti’s (105-106) hermetically-sealed 
vertical reference gyro (S16), which 
provides pitch and roll signals for re- 
mote flight instruments, is 44 in. dia. by 
Qin. long and incorporates 115/90V 3- 
line synchro and toroidal potentiometers 
on both pitch and roll axes. It has 360° 
roll freedom and + 85° in pitch, and 
uses pitch bank erection. Two standby 
instruments will also be shown by Fer- 
ranti: a standby artificial horizon (FH7) 
which will operate from d.c., via a tran- 
sistorized static control/invertor unit, if 
the aircraft’s a.c. fails; a standby gyro 
system for a miniaturized artificial hori- 
zon and a directional indicator, which 
can be operated from a.c. or d.c. in air- 
craft having complex remote indicating 
systems. 

The RAE-conceived master reference 
gyro, Mark I on S. G. Brown’s Stand 78, 
consists of an azimuth gyro mounted on 
a gyro-stabilized platform. An aerobatic- 
ally-free dynamic reference source, it 
electrically transmfts roll, pitch and 
heading information to repeaters in the 
attitude and heading indicators. It also 
feeds the autopilot and the radar aerial 
stabilization system. The Brown MRG 
Mark 2 is nearly half the size and weight 
of the Mark 1: its stabilizing and azi- 
muth gyros are mounted in tandem and 
the servo amplifiers are fully transistor- 
ized. The Bosch Arma two-degree-of- 
freedom floating gyro is now being pro- 
duced by S. G. Brown under the name 
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‘Arma Brown’. Conventional gimbal 
bearings are eliminated, the gyro being 
in a sealed sphere which is enclosed in 
a container filled with Fluorolube, so 
that the sphere has neutral buoyancy. 
The sphere is positioned by four liga- 
ments. Random wander is 0-1°/h. 

Honeywell Controls (Stand 220) are 
showing their GG99 low-cost gas-driven 
displacement gyro, a two-axis instrument, 
4-5 in. long by 2-75 in. dia. which weighs 
under 4 1b. Primarily a one-shot gyro for 
establishing a roll reference in a spin- 
stabilized vehicle, and as a basic centre 
of yaw, elevation and roll, it can be re- 
activated by replacing the activating cart- 
ridge and recasing the gimbals. The 
‘Golden Gnat’ rate gyro, which meas- 
ures lin. dia. by 24 long yet can with- 
stand 100 g shock and 10 g vibration at 
2000 c/s, is also shown. 

Sperry Gyroscope (279) show their 
new range (CL11) of Gyrosyn compasses 
incorporating the ‘Rotorace’ bearing 
technique—counter rotations are applied 
to gyro sensitive axis bearings so aver- 
aging out frictional torques and giving 
a ‘10-fold increase in accuracy’. The 
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Fig. 2  Ferranti’s 
AIRPASS being 
loaded into the nose 
of a Canberra for 
flight trials 


free drift rate is 0-5°/h. A’ twin-gyro 
stable platform providing a fully-man- 
oeuvrable attitude and heading reference 
is shown. This has two identical Rotor- 
ace gyros at right angles and is gimballed 
so that the platform establishes a head- 
ing reference and a vertical in the air- 
craft. The platform may be used with an 
amplifier, flux valve detector and com- 
pass controller to provide a heading ref- 
erence with a free drift rate of 0-25°/h 
and a vertical reference with a drift of 
2°/h. A new 41b vertical gyro reference 
is being developed for the major control 
and instrumentation systems on which 
Sperry is working, e.g. the Smiths-Sperry 
system for the Airco DH 121. This has 
a conventional movement and the free 
drift rate with the erection system cut 
off is less than 15°/h. It will provide 
synchro transmission for attitude infor- 
mation. Sperry also exhibit their stan- 
dard range of gyro horizons. 

Rate gyros and gyroscopic test equip- 
ment—a servoed gimbal universal tester 
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with automatic photoelectric read-out, a 
polar axis tester and a rate gyro calibra- 
tion table—are among Graseby Instru- 
ments’ exhibits (278), and MO Instru- 
mentation (195) show precision bearings 
for gyros etc. 





Accelerometers 

Among their telemetry instruments, 
Hendrey Relays (221) have an angular 
accelerometer, type GW12, pattern Bl, 
series 3, which has capacity ouput. This 
is available in ranges from * 10 to + 
1000 rad/sec. Sperry (279) have a single- 
axis accelerometer developed originally 
for inertial systems. It is a force feed- 
back instrument with a linearity better 
than 0-1% and a zero stability better than 
6 X 10g. Ranges of + 10 g and + 
25 g are available from instruments by 
Ferranti (105-106). In these, the spring- 
mounted inertia forms a shorted turn of 
an electrical pickoff. As the mass moves 
the shorted turn upsets the flux sym- 
metry in two secondary coils so produc- 
ing an e.m.f. proportional to acceleration. 
Graseby Instruments (278) show voltage 
type accelerometers, accelerometer re- 
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Fig. 3 
missile guidance equipment by GEC 


Experimental transistorized 


corders, and three-axis accelerometer re- 
cording and telemetry units. The acceler- 
ometers of Electro Mechanisms Ltd (232) 
are in a rather different class. They in- 
clude variable inductance acceleration 
transducers covering + 3 to + 90g, 
piezoelectric (lead zirconate) types, and 
variable inductance push-pull types. An 
accelerometer tester is shown by Bryans 
Aeroquipment (204). This will .test in- 
struments weighing up to 141b and pro- 
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* 
vides up to 20g with a speed range from 
10-250 rev/min. 


Fuel control 

Elliotts Aviation Division (218) have 
developed a Bendix true mass fuel flow 
metering system of the angular momen- 
tum type. Signals provided by a trans- 
mitter are computed for presenting the 
pilot with fuel consumed, fuel availab'e 
and the time-of-flight remaining. Elliotts 
are working on systems whereby flow- 
meters which measure fuel consumed 
will also be used to measure fuel intro- 
duced into an aircraft, so enabling 
accurate flight planning. 

An electric throttle control by Ultra 
Electric (262) is built round a position- 
ing control which delivers a high torque 
output for jet and turbine engines. Tem- 
perature- or speed-controlled accelera- 
tion, speed governing and synchroniza- 
tion, and automatic airspeed control can 
be added. 

Electric fuel control for the Gnome 
engine is shown by de Havilland Propel- 
lers (252). High stability magnetic ampli- 
fiers using toroidal transductors are used 
for control purposes and the system 1s 
powered from a transistor 24V_ input 
supply. The system provides an automatic 
starting circuit, temperature controlled 
acceleration, a top temperature limiter, 
ground idling speed governing, and free 
turbine speed governing, the latter lend- 
ing itself to multi-engine matching. 

Plessey’s Aircraft and Atomic Energy 
Group (60-62) is showing a fuel control 
unit for small gas turbines which will 
control turbine speed to within 1%, and 
is capable of up to 70 gal/h fuel delivery. 
Plessey are showing various pumps in- 
cluding a 3-phase motor-driven centri- 
fugal boaster pump, and a governor 
pump type GP078 which supplies fluid at 
an output proportional to pump speed 

Negretti & Zambra (104) are showing 
their fuel flowmeter which is used on 
both the Comet IV and the Bristol 
Britannia. A direct reading cyclometer 
indicator is incorporated in the series 2 
flowmeter, and this gives a full scale 
reading of 100,000 kg in 10 kg steps. The 
cyclometer is driven through reduction 
gearing by a low inertia integrating 
motor which is fed with a voltage pro- 
portional to flow rate. The voltage is 
derived from a_ precision  rheostat 
through a pickup linked with the fuel 
flow rate indicator shaft. 

Joseph Lucas (114) show a range of 
engine controls including simple flow 
control for the Dart, barometric pressure 
control (combined with idling by-pass, 
flow distributor, dump valve, non-return 
valve, and throttle valve) for the Orpheus, 
and range temperature control for the 
Avon and Conway. Among auxiliary 
controls are a pressure ratio limiter, air 
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fuel ratio control and jet pipe tempera- 
ture control. 

Among other firms showing fuel ancil- 
laries of some control interest are Flight 
Refuelling (167), Saunders Valve (265), 
Zwicky (275) and Avery-Hardoll (241). 


Pressurization, air conditioning and 
temperature 

Normalair (75) are, of course, display- 
ing a great deal of pressurization, air 
conditioning and oxygen equipment the 
central feature being vapour cycle cool- 
ing. Their exhibits include passenger 
oxygen presentation equipment, a liquid 
oxygen system, lightweight oxygen equip- 
ment, electro-pneumatic temperature con- 
trol, and pneumatic flow control 
equipment. 

Much equipment under this heading is 
on Teddington Aircraft Control’s stand 
(35). Cabin temperature control systems 
using bridge-connected ‘ Ducstat’ nickel 
wire temperature sensors, and a motor- 
ized selector consisting of a programme 
motor controlled by the first stage of the 
temperature control which drives moni- 
toring potentiometers in the second stage 
of the servo, are shown. Teddington also 
exhibit anti-icing, fuel tank pressuriza- 
tion and missile heating equipment. 

Hymatic Engineering (267) are show- 
ing a selection of pneumatic equipment, 
including a modular system of reducing 
valves: 5000 variants, inlet pressure from 
100-4000 Ib/in?, outlet pressures from 
1-150 lb/in?, flows up to 30 standard 
ft*/min and temperatures up to 300°C. 
They have butterfly valves for boundary 
layer control and de-icing, a hot air re- 
ducing valve which incorporates a closed 
loop control system, various other reduc- 
ing valves, anti-g valves and pilot-opera- 
ted solenoid valves. 

Apart from British Oxygen Aro’s 
(192) display of crew emergency and 
passenger liquid oxygen systems, liquid 
nitrogen fire suppression systems, and 


Fig. 4 Honeywell Control’s ‘ Golden 
Gnat’ rate gyroscope is lin. in dia- 
meter and 2} in. long 





cooling systems, there is a family of non- 
return valves. These are available in both 
bobbin and flap types, have working 
pressures in the 0-6000 Ib/in.?, and may 
be compatible with corrosive fluids such 
as hydrogen peroxide. 

Plessey (60-62) are showing a tempera- 
ture controller for aircraft windscreens, 
which comprises a sensing element for 
detection and a contactor to control the 
heating circuit. It consists of a resistance 
measuring network, amplifier and relay: 
if the resistance of the sensing element 
rises to a preset level, the relay is de- 
energized and the contactor switched 
off; when the screen cools, the reverse 
process occurs. 


Servos and ancillaries 

S. G. Brown (78) are showing a range 
of servomotors, Admiralty pattern 
motors and step-by-step motors. Their 
6-5 watt transistorized servo-amplifier 
operates at up to 90°C without a heat 
sink. Primarily developed for the Brown 
type 15B servomotor, it has an overall 
gain of 75dB when operating from 250 
ohm source impedance. Brown continu- 
ous rotation low-torque precision poten- 
tiometers are linearly accurate to within 





Fig. 5 The ‘ Rotorace’ (counter-rota- 
tion) directional gyro, which has very 
low gimbal friction, is incorporated in 
Sperry Gyroscope’s Gyrosyn compasses 


Fig. 6 Lucas fuel control unit for Avon 
and Conway gas turbines 
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0-1% deviation, may have up to 35 
fixed tappings in order to fall in with 
non-linear requirements, high load dissi- 
pation and low starting torques. 
Ferranti’s (105-106) hydraulic jet valve 
is for control purposes in servo systems; 
it converts a differential d.c. signal into 
differential oil pressure. The input signal 
is fed into control coils which vary the 
position of an oil-fed nozzle mounted on 


an armature. For zero input the nozzle is ~ 


midway between two holes in a recovery 
block and it follows that there is zero 
resultant differential output signal. Any 
control signal will displace the nozzle to 
create a differential pressure between the 
holes. The differential pressure may 
operate a load either direct or via a 
servo valve. Two types are available 
(both having a range of differential input 
currents of + 10mA), one has a maxi- 
mum differential output pressure of 700 
Ib/in? and the other a differential output 
of 1000 Ib/in?. A 150V d.c. supply is re- 
quired for the polarizing coils. 

Examples of Pullin-Kearfott precision 
synchros, sizes 11 and 18, are shown by 
R. B. Pullin (71). Pullin exhibits include: 
a size 10 two-phase squirrel cage induc- 
tion servomotor with centre-tapped con- 
trol phase for transistor control, and a 
size 10 motor generator with control 
phase wound for 26V operation or 
centre-tapped for transistor operation; a 
transistor servo amplifier for sizes 10, 11 
and 15 servomotors and motor genera- 
tors; inter-service p.m. d.c. motors in 08, 
11, 15, and 18 sizes; sizes 08 and 18 d.c. 
tachometer generators; wound field in- 
strument motors; gears and gearboxes; 
magnetic amplifiers for sizes 15 and 18 
servomotors. A dynamic display demon- 
strates speed control of governed motors 
over a widely fluctuating input voltage 
range. 

Vactric (173) are also showing a com- 
prehensive array of miniature servo com- 
ponents. This includes: size 07 to size 18 
two-phase servomotors, synchronous 
motors, motor tachogenerators, fan 
motors and braked motors; p.m. and 
wound field d.c. motors from size 08 to 
18; gearheads; and breadboard compon- 
ents for servomechanisms. They also 
have a high speed rotary switch, for tele- 
metry systems, which enables up to 48 
inputs to be sampled at up to 100 rev/sec. 

Plessey (60-62) display the synchros 
and servos of Ketay Ltd and an air 
motor servo unit. Six Plessey actuators 
are on- show: the Condor and Eagle a.c. 
linear, the Hawk and Kestrel a.c. rotary, 
the Cub Jaguar d.c. linear, and Squirrei 
d.c. rotary types. 

Fairey Aviation’s electrically-signalled 
servo valves are on Stand 206. Essentially 
these consist of a hydraulic servovalve of 
the flat face type, which is operated by 
a crank on the spindle of an electro- 
mechanical transducer or torquemotor. 
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The armature of the latter takes up a 
given angular position when a differen- 
tial current is maintained in the field 
windings. 

A range of synchros, a.c. inductive 
pick-offs, motor-tachos and a precision 
potentiometer are shown by Sperry (279), 
and they believe the potentiometer to be 
the most accurate for its size in the 
world. It is a helical potentiometer with 
a linearity better than 0-008%, 0-5 watt 
rating, and an effective angle of resis- 
tance of 18,000°, i.e. 50 revolutions. 
Sperry are also showing the hydraulic 
pumps and associated valves and con- 
trols, which they manufacture under 
licence from Vickers Inc. of Detroit. 

Small motors and synchros are also 
featured by Smiths Aviation Division 
(1-4). 

A torque testing machine by E.M.O. 
Instrumentation (195) is for measuring 
the starting and running torques of pre- 
cision bearings and complete synchros. 
Electro-Hydraulics (162) show a selection 
of hydraulic components including selec- 
tors and brake control valves but the 
main feature of their stand is the Victor 
main undercarriage. DH Propellers (252) 
feature hydraulic servo control for their 
alternators. 


Miscellaneous systems 

H. M. Hobson (158) show a great 
variety of hydraulic and semi-hydraulic 
equipment including ‘feel’ simulators 
for the Britannia and Caravelle aircraft, 
flap controls, and an autopilot actuator 
for the Royal Navy. They manufacture 
the ‘ Microjet” pressure ratio control 
under licence from the Solar Aircraft 
Co. of America. This computes the ratio 
between two pressures and may be used 
either as a pressure ratio meter or as a 
sensor in a pressure ratio control system. 

A force-balance pressure ratio com- 
puter is among Hendrey Relays’ (221) 
aircraft instruments. Its output is an 
angular movement of the main spindle 
which is transmitted via a synchro to 
the pilot’s receiver, where the rotation is 
360° for the selected pressure ratio 
change. 

Elliotts (218) are showing an aero tur- 
bine engine analyser which provides an 
air crew with oscilloscope presentations 
of vibration and temperature; the former 
indicates turbine balance at the bearings 
while the temperature is, in effect, the 
condition at the burners. 

Ultra Electric’s (262) engine condition 
analyser gives much the same data on 
engine vibration and temperature. 

Honeywell Controls (220) have devel- 
oped a take-off monitor, based on air- 
craft acceleration, which indicates any 
change in the aircraft’s thrust and drag 
system. It also measures’ distance 
travelled, so providing information on 
the distance remaining to the refusal 





point. Honeywell are also featuring their 
data-handling system, which measures, 
digitizes and logs signals from thermo- 
couples, pressure transducers etc. They 
also exhibit an automatic wave analyser 
which plots frequency analyses of com- 





Fig. 7 A new spherical-plug lox (liquid 
oxygen) valve with pneumatic actuator 
by Saunders Valve 





Fig. 8 This relay unit forms part of 

Normalair’s pneumatic flow control. A 

normally-closed butterfly valve, oper- 

ated pneumatically, is controlled by a 

venturi which senses flow and signals 

the relay unit to correct for air density 
changes 


Fig. 9 Ferranti’s hydraulic jet valve 
converts a differential d.c. signal into 
differential pressure 


























































plex data signals in the range 3 to 
2000 c/s. 

A 12-channel trace reading equipment, 
type TREI2, exhibited by Southern In- 
struments (88), is capable of handling 
records 12-in wide and may have type- 
writer, tape perforator or punched card 
output. 

Solartron (73) are demonstrating radar 
simulators and Short Brothers (26A) a 
quarter-scale model of a new analogue 
computer, said to be the most advanced 
of its kind in the world. Components of 
0-01% accuracy are used. 


Components for control and 
instrumentation 
Most exhibitors are showing products 
which come under this general heading 
and it is difficult to decide when a com- 
ponent becomes a system. 


Louis Newmark (189) show a transis- 
torized oscilloscope which operates from 
12V dc. but most of their exhibits are 
hardly components. They have a port- 
able pitot static test set for calibrating 
flying instruments, autopilots etc; a three- 
axis attitude indicator which is a pic- 
torial type aircraft instrument giving 
attitade and heading in all three axes; 
and a response tester for the functional 
analysis of a control system in situ. 

Standard Telephones & Cables (145- 
148) show communications equipment 
mainly, but their radio altimeter for the 
* Autoland ’ blind landing system (BLEU) 
is of control interest. This operates at 
4000 Mc/s, covers 0-500 ft and 0-5000 ft 
ranges, and is capable of measuring an 
aircraft's height down to 2 ft. 


Turning to components proper: BTH 
(272) show a great deal of electrical 
equipment including a silicon power rec- 
tifier (SOOA, 28V d.c. out from a 28V 3- 
phase wide-frequency a.c. input), motors 
and switchgear. W. H. Sanders (108) 
show magnetic amplifiers and encapsula- 
ted transductors and a laboratory mag- 
netic amplifier designed as a control tool. 
Westinghouse (207) feature semiconduc- 
tor switching devices including the 
*Trinistor’. This is a _ three-terminal 
silicon device, basically a controllable 
diode, which in the forward direction 
may be triggered from a blocking con- 
dition to a conducting condition on the 
application of a small current to the 
third terminal. 

BICC (165) exhibit a comprehensive 
range of cables. They also show stainless 
steel sheathed mineral-insulated thermo- 
couples. Among other component firms 
of note are Venner Accumulators (84) 
who show their silver-zinc and silver 
cadmium accumulators, Ronald Trist 
(91) with their selection of rubber 
materials and seals, and of course, Bell- 
ing & Lee (194) whose name is synony- 
mous with electronic components. 


86 







































Fig. 10 This engine condition analyser 
by Ultra Electric displays aero-engine 
temperature and vibration 





Guided weapons 

Nine missiles of one sort or another 
are in the Guided Weapons park. 

Black Knight, a joint development of 
RAE and Saunders-Roe appears in two- 
stage configuration. A nose section of an 
experimental head which in a recent test, 
re-entered the earth’s atmosphere from a 
height of more than 500 miles at over 
8000 m/h can be seen. 

The Seaslug ship-to-air missile is 
shown by Armstrong Whitworth in a 
ship-type launcher and missile power 
pack. This is a beam-rider and is to be- 
come the Royal Navy’s standard ship- 
borne anti-aircraft weapon. Guidance is 
by GEC and control by Sperry. 

The Bristol-Ferranti Bloodhound, a 
semi-active homing surface-to-air wea- 
pon has already been delivered to the 
RAF and has been ordered by the Royal 
Swedish Air Force. 

English Electric’s Thunderbird also a 
semi-active homing surface-to-air weapon, 





















Fig. 11 Louis Newmark’s pitot static 
test set enables calibration of aircraft 
instruments and autopilots 


Fig. 12 W. H. Sander’s laboratory magne- 
tic amplifier is designed as a tool for the 
control systems engineer 


is shown on its mobile launcher with 
tracking and illuminating radar and 
launch control post. The Thunderbird on 
view is operated by troops of a G.W. 
Regiment of the Royal Artillery. 

Short Brothers & Harland are deve- 
loping a surface-to-air guided weapon, 
the Seacat, for the Royal Navy. This isa 
close-range anti-aircraft weapon designed 
to replace the navy’s 40mm anti-aircraft 
guns. Short are investigating a variant 
of that weapon, the Tigercat, which is 
intended for use by land forces as a 
replacement for light artillery, 

Both Vickers-Armstrongs and Pye are 
showing private venture anti-tank mis- 
siles. These are wire-guided weapons of 
small size and light weight. 

Various weapons and ancilliaries are 
on show in the Exhibition building in- 
cluding the de Havilland Propellers Fire- 
streak, an infra-red homing air-to-air 
weapon. The Ministry of Supply are 
showing a Malkara anti-tank missile. 





Don’t Miss 


Bendix-Elliott VC10 autopilot 
Elliott Bros. 
Doppler navigation 
Marconi 
Two-degree-of-freedom ong gyro 
S. G. Brown 


‘Golden Gnat’ rate gyro 
oneywell Controls 
‘Rotorace’ gyro compasses 
Sperry 
Electric throttle control 
Ultra Electric 
Windscreen temperature controller 
Plessey 
Hydraulic jet valve 
Ferranti 


Electrically signalled servo valves 
Fairey Aviation 
Hydraulic servo control 
DH Propellers 


H. M. Hobson 
Engine condition analyser 


Take-off monitor 
Honeywell Controls 
New analogue computer 


‘Feel’ simulators 


Elliott Bros. 


Short Bros. 
Three-axis attitude indicator 


Louis Newmark 
Data logger 
Blackburn Electronics 
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Electric signalling to hydraulic valves 
replaces long mechanical control 
aircraft 


runs in an experimental 





Electric link 







for flying controls 


by H. H. DIXON 





AIRCRAFT USING HYDRAULICALLY OPERATED POWER CON- 
trols have now been in service for some time. Where 
flying aids such as automatic pilots have been intro- 
duced, these have usually been installed as in manually 
controlled aircraft, and they have been used to operate 
on the input run between the cockpit and the power 
control unit by means of servo systems. As this implies 
that two or more servo systems are being used when 
one is sufficient, there is obviously much to be gained 
by developing the main power control so that it will 
accept small electric signals from automatic pilots, 
fire control systems or navigational aids. This can be 
done in two ways; electrical signals can be fed into the 
units together with machanical signals from the pilots, 
or the pilot’s signals can also be made electrical. It is 
with this latter philosophy that the experiment described 
below is concerned. 

The aircraft used was originally a manually con- 
trolled machine but was subsequently fitted with power 
controls as a test-bed installation for the Vickers Valiant 
control system, and it was the system in this condition 
which was modified to incorporate electric signalling. 
The general layout for the three main flying control 
surfaces, aileron, elevator and rudder, is shown in Fig. 
1, which is annotated to provide information on the 
location of the various parts of the manual and electric 
link system. The term electric link is used for the elec- 
trical signalling system that replaces the mechanical 
input linkage from the pilot to the power unit. It will 
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be seen from the electrical equipment located amid- 
ships that no attempt was made to install the lightest 
possible system, the main concern being to use existing 
equipment and to provide a simple, easily maintained 
and accessible installation. 


Wires replace rods 

Before conversion, the two sets of pilot’s controls 
were commonly connected to a single set of control rods 
routed down the port side of the aircraft to the power 
unit located immediately aft of the rear cabin pressure 
bulkhead. This enabled both pilots to fly the aircraft 
with manually or power operated control surfaces, but 
to incorporate the electric link the common connexion 
of the two pilots’ controls was removed. The result 
was that the port pilot could only fly the aircraft under 
manual control, and the starboard pilot under power 
control using electric signalling. It was possible for the 
crew to revert to manual control instantaneously under 
all flight conditions, reversion being automatic on fail- 
ure of the power system. 

The power controls used in this installation consist 
essentially of an electric motor, a variable-delivery 
pump, a hydraulic ram, a servo control valve and a 
differential lever assembly. Movement of the pilot’s 
control is transmitted to the input lever of the differen- 
tial gearbox, which in turn operates the servo valve. 
Subsequent movement of the servo valve causes the 
generator to supply fluid to one side or the other of the 
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hydraulic ram that operates the control surfaces. Move- 
ment of the ram rod also actuates a feedback gear in 
the differential gearbox. This returns the servo valve to 
neutral, and so discontinues the hydraulic fluid supply 
from the generator to the ram. The control surface 
ceases to move when it reaches a position correspond- 
ing to the displacement of the cockpit control. The par- 
ticular combination of hydraulic generator and servo 
valve does in fact constitute a primary and a secondary 
servo system, and it is this feature which ensures that 
there is virtually zero * break-out ’ load. 

Fig. 2 shows simplified diagrams of the differential 
linkage used on this aircraft for controlling the servo 
valves when in power, and the method used for lock- 
ing part of the system when operating the control 
surface manually. In Fig. 2a, when in power, the con- 
trols are held in the neutral position by the pilot, and 
the servo piston which controls the generator is in the 
zero-stroke condition. Fig. 2b shows the input lever 
displaced by the pilot and rotating the idler link about 
point A, point A being fixed while the ram is station- 
ary. Since the differential lever is pivoted on the struc- 
ture at B and pinned to the idler lever at C, the differ- 
ential lever is displaced clockwise to move the servo 
piston. This allows pressure from the main pumps to 
be applied to the ram, which moves the output lever 
by an amount equivalent to the pilot’s input. As shown 
in Fig. 2c, the linkage returns the differential lever, and 
therefore the servo piston, again to the zero-stroke con- 
dition. For manual use the differential lever is locked 
by the solenoid-operated plunger, the input signal being 
directly transmitted through the parallel linkage to the 


Fig. 2 Power-unit control system a Control neutral 
servo-valve returned to neutral position 
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b Generator servo-valve operated by pilot’s demand 
d Power unit and differential linkage modified to incorporate electric signalling 
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Fig. 1 General layout of the three main flying control surfaces 


output lever. The ram is made to operate freely by 
allowing the hydraulic fluid to flow from one side of 
the piston to the other through a bypass valve. 


Introducing the link 


In order to introduce the electric link, the connexion 
between the differential lever and the servo piston was 
removed so that the power control unit could be 
signalled electrically while the differential lever was 
permanently locked, thus establishing a permanent 
mechanical linkage between the port pilot’s control sys- 
tem and the surface. The effort required to operate the 
piston is approximately one ounce, and a torque motor 
(i.e. Laws relay) can operate it, given suitable ampli- 
fied electrical signals from the pilot. The feedback 
potentiometer, shown connected to the output lever, ful- 
fils electrically the same function as the mechanical 
feedback linkage, and is further explained in the fol- 
lowing general description of the link system. 

In Fig. 3 the power unit as illustrated in Fig. 2d is 
shown complete with the control surface and pilot’s 
input of the elevator system, and although the magnetic 
amplifier has been represented symbolically, all the 
principles of the installed system are retained. The basic 
principle of the electrical signalling system is that any 
change in current through the primary windings of the 
magnetic amplifier will cause a differential change in 
the secondary currents, which gives rise to a rotation 
of the torque motor. It will be seen that the input and 
position feedback potentiometers form a Wheatstone 
bridge, and any change in the position of the input will 
cause a current to flow through the primary winding, 
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Fig. 3 Electric-link con- 
trol system with manual 
reversion 


and so move the system until the feedback potentio- 
meter has taken up a new position which reduces the 
primary current to zero. The aircraft can be trimmed 
for varying flight conditions by displacement of the 
trim potentiometer, which causes a current to flow 
through the trim winding. The surface then moves 
relatively to the pilot’s controls until the current in the 
control winding balances that in the trim winding. The 
purpose of the rate-feedback potentiometer is to con- 
trol the sensitivity of the torque motor, insomuch as 
movement of the potentiometer in either direction from 
the neutral position causes a current to flow through 
the rate winding and tends to re-centralize the torque 
motor. This in effect stiffens the torque-motor shaft, and 
produces a more responsive control system. 

The diagram shows the functioning of the system in 
response to the pilot’s demand. It will be seen that, as 
previously shown in Fig. 2d, the port pilot’s controls 
are permanently connected to the control surfaces so 
that they also follow the demands made electrically by 
the pilot on the starboard side. In the case of failure 
of the electrical system, the port-side pilot can press a 
master switch to open bypass valves across the hydraulic 
rams, thereby rendering the electrical system innocuous 
and giving him full control of the aircraft. It is of 
interest to note that the electrical system incorporates 
variable gearing between the pilot’s controls and the 
surfaces. This feature is easy to incorporate into an 
electrical system. In the present case the gearing can be 
varied from 1:1 to 4:1 by adjusting potentiometers to 
provide a reduced signal to the magnetic amplifier for 
a given input, and consequently a reduced surface 
movement, thus enabling the pilot to select the best 
control response for different flight conditions. The 
normal manual pilot’s control loading, or ‘feel,’ oc- 
casioned by the air loads on the control surfaces, is 
replaced in the electric-link control system by a simple 


spring feel system, as typified in the diagram for the 
elevator control. 


CONTROL September 1959 





TLECTRE SIGMAL FROM PLOT - SYSTEM BALANCED BY DISPLACEMENT Cw SuRPAL 


Doubling for safety 

The electrical components are duplicated throughout 
to give a two-channel system which ensures that 
failure of the link can only arise if an electrical 
defect occurs in both channels simultaneously. For the 
same reason the hydraulic supply to each jack is dupli- 
cated by controlling the servo valves on one bank of 
two different generators for each surface. The input, 
feedback, rate feedback and trim potentiometers are 
supplied with 24V d.c., and the magnetic amplifiers 
with 115 V a.c., from two separate sources which are 
unconnected with any other aircraft system. As pre- 
viously stated, complete failure of the hydraulic power 
supply is followed by automatic return to manual con- 
trol, But a failure of only one generator would still 
provide a full-stroke, half-rate system on the two affec- 
ted surfaces, with a visual indication to the pilot of 
the surfaces concerned. A more comprehensive instru- 
mentation system for indicating the malfunctioning of 
the electric link is provided, and this displays to the 
crew the continuous functioning of the servo valves, the 
movement of these being transmitted by electrical sig- 
nals from a.c. pick-offs. For correct functioning the two 
servo valves for each surface move in the same direc- 
tion and in phase. With the type of indicator used, 
i.e. milliammeters, it is possible quickly to discern any 
adverse changes, allowing the crew to take remedial 
action by switching off one or both channels. 

One other system which is an essential part of this 
installation is the indication to the pilots of surface and 
trim position, since, before going from manual into 
power, the electric signalling system must have the cor- 
rect signals to agree with the actual position of the 
control surface. This is necessary because, until switched 
on, the pilot’s electric controls are divorced from the 
surface movement, and it would be possible to get 
sudden and violent changes in surface displacement if 
the electric signal were not correct at the point of 
change-over. From power to manual control there is no 
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such problem, as the manual pilot’s controls (see Fig. 
3) follow the control-surface displacement. 


Tests show possibilities 

After comprehensive ground tests, flight tests began 
in 1957. After a few hours of satisfactory flying the 
firm’s chief test pilot was quite happy to take-off and 
land with the electric link in operation as shown in the 
photograph at the head of this article. In order to obtain 
unbiased opinion upon the usefulness of such a scheme, 
test pilots from Ministry of Supply establishments, 
private firms and civil airlines were invited to fly the 
machine, and their opinions are being examined. 

As stated in the introduction, use of this type of 
control system facilitates the introduction of signals 
from automatic pilots and other navigational aids. In 
supersonic designs it may well be impossible to use a 


conventional rod or cable input system, making the 
* electric link ’ essential. 

Although the system shown here relies on the vari- 
able-delivery-pump type of power control, electrical 
signalling has also been applied successfully to systems 
using Boulton Paul rotary valves and jacks in conjunc- 
tion with engine-driven pumps. With either system, it 
can be arranged to add electrical to mechanical signals. 
Some of these refinements have already been built into 
systems now flying, but we may still have to wait some 
time for the first completely electrically controlled air- 
craft. Considerable effort is still being made to develop 
such a system, which will provide all the safeguards now 
required for contemporary aircraft, and to utilize to the 
full the advantages that electrical control can provide, 
not only for normal flying, but in the integration of the 
new aids being provided for navigation and approach. 


The all-electric aircraft obviously will not appeal to everybody, but Dixon’s article 

indicates that some steps in that direction will be hard to resist. In his comments 

below, Professor G. A. Whitfield, B.Sc., Head of the Department of Aircraft Elec- 

trical Engineering at the College of Aeronautics, Cranfield, suggests that the first 
steps should not be too bold. 


I FOUND THE ARTICLE BY MR. DIXON ON ‘ AN ELECTRIC 
link for Flying Control’ most interesting, particularly 
because it deals with an actual experiment in a field 
being considered on theoretical grounds by many air- 
craft designers. On first consideration it would seem to 
be most inefficient to transmit the demands made by 
the pilot for control surface deflexion by means of rods 
or cables passing down the whole length of the aircraft, 
when all that is done at the far end is to move small 
hydraulic valves. This is particularly so in modern air- 
craft in which the electric signal from an autopilot or 
autostabilizer must operate the same or similar valves. 
An additional factor favouring electric signalling is that 
in the mechanical system there can be no tight servo 
loop, so balance weights have to be mounted on the 
control surfaces. One estimate* suggests that use of an 
all-electric system would save 1000 Ib weight, enabling 
the aircraft to carry four more passengers. The reason 
that * all-electric’ systems have not yet been adopted is 
that designers and operators are not confident as to relia- 
bility, and they have considerable justification in this. 

There is, in civil aviation, one bad crash for about 
250,000 hours’ flying time. A minimum requirement for 
the controls might be that they should cause less than 
one such accident in every 4,000,000 hours’ flight. There 
being three control systems, one each for the rudders, 
elevators and ailerons, each of these must cause less 
than one- accident in every 10,000,000 hours of use. 
There is no possibility of designing a single communi- 
cation channel with this reliability. 


Is doubling enough ? 

Mr. Dixon suggests full duplication — two channels 
per system. Suppose each half fails once every 10,000 
hours. When such a failure occurs the aircraft con- 
cerned will be vulnerable to a single failure for the re- 
mainder of the flight, say three hours. In three cases 
in 10,000 such a failure will occur, giving three acci- 
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dents per 100,000,000 hours, which is little better than 
is suggested above as a minimum requirement. The need 
is, therefore, for control channels which fail not much 
more frequently than once every 10,000 hours. Of 
course, the equipment can be serviced thoroughly and 
components replaced every 1000 hours of flight, say 
every three months, and be ‘ maintained’ more fre- 
quently, which eases the design problem somewhat. 

Even this understates the real requirement. Almost 
any failure of both channels of the electric link would 
be fatal. Mr. Dixon suggests that the crew should 
minitor the links and cut out faulty ones. Now the least 
dangerous failure is that one path should become in- 
operative, thus halving the loop gain. This by itself 
might well cause an accident during take-off or landing 
before the pilot could readjust himself. An obvious 
solution is to fit a quick-acting device to double the 
gain of the remaining path, but this would entail an 
increase in the size of each hydraulic actuator. It also 
presupposes that the device could detect which channel 
is faulty, and this can only be done by triplicating and 
taking a majority vote. 

Another possibility is that one channel should fail in 
such a way as to demand full control and this would 
give half-full control. Under many flight conditions this 
would be applied before the crew could act and would 
break the aircraft. Again triplication would be necessary. 

Introduction of electric links will, therefore, depend 
on the very careful detailed design for ‘ fail safe,’ and 
also the production of channels which can be guaran- 
teed to fail not more than about once every 10,000 
hours, which is equivalent to full-time operation for 
about one year. In the later stages of development it 
would therefore be necessary to test some dozens of 
equipments, under different environmental conditions, 
for at least three months after production models were 
available. If a failure occurred in any of these, modifi- 
cations would have to be introduced and a further three 
months would be spent in retesting. 
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CONTROLLING GUIDED MISSILES—6 


System assessment 


Aerodynamics, control and guidance 


must be designed all together 


and initial design 


by PEGGY L. HODGES, ™.a., A.F.R.AE.S. 


FOR A NEW GUIDED MISSILE PROJECT IT IS ESSENTIAL 
that the basic theoretical design is carried out in con- 
siderable detail and the performance of the resulting 
system assessed as far as possible before any component 
parts are made. The performance of the complex mis- 
sile system involves problems of aerodynamics, control 
and guidance, the solutions of which are interdependent. 
Detailed assessment must therefore include paper studies 
followed by more complex calculations using both digi- 
tal and analogue computers. 

This article endeavours to give some idea of the philo- 
sophy behind these studies, discussing briefly some of 
the individual problems encountered, together with the 
many possible answers, and giving a general indication 
of the method of approach to the best solution. Men- 
tion is made of the use of simulation in association with 
the missile trials carried out after the initial design has 
been engineered and prototypes produced. 

To illustrate the techniques involved, one particular 
problem, namely dish-missile coupling in homing 
systems has been taken, and the methods by which its 
destabilizing effects are investigated are discussed in 
some detail. 


System approach 

The ‘theoretical approach to the design of a complete 
system for a guided missile may be illustrated by means 
of a flow diagram as shown in Fig. 1. The first essential 
is a knowledge of the operational requirements for the 
whole system—these may be divided into two parts. 
First, the type of system must be known, i.e. whether 
the missile is to be launched from land, sea or air, and 
whether the target the missile is attacking is land, ship 
or aircraft. Secondly, basic parameters of the target 
must be established, such as size, velocity, altitude and 
manceuvre, together with the target range at which the 
missile will be launched. For the next step, the system 
is divided into two: the missile system is treated separ- 
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ately from the associated equipment, which is mounted 
either at the launcher or some other convenient place. 
The form of the latter, which will not be considered in 
detail, depends greatly on the type of guidance used— 
hence the feedback shown in Fig. 1. 

After the basic design of the missile system as required 
by the tactical situation has been established, the neces- 
sary missile performance is obtained by the design of 
the aerodynamics, propulsion, control or autopilot, 
guidance, fuze and warhead. The last two will not be 
discussed any further in this article—the major effect 
the warhead design has on the overall system is in de- 
termining how near to the target the guidance equip- 
ment must take the missile. The size of the warhead 
also affects the overall weight of the payload carried 
by the missile—the payload includes everything but the 
motor and the missile structure. 

Major design decisions 

The above parts of the missile design cannot be 
treated separately and there follows next a brief dis- 
cussion of some of the major decisions to be taken 
before the missile parameters can be determined, with 
emphasis on the close cooperation required between the 
designers of each part. 

The choice of parameters in the design of the aerody- 
namics and propulsion of the missile is determined by 
the missile system requirements such as range, altitude, 
manceuvre and weight. The aerodynamic design is also 
affected by the choice of guidance and control, deter- 
mining, for example, whether there are two or four 
wings and also whether the control is obtained by mov- 
ing fins, by moving the main wings, or by jet controls. 


The autopilot improves the missile’s performance 

The main purpose of the missile autopilot is to alter 
the response to a fin demand from one which is slug- 
gish and lightly damped to one which is faster and more 
heavily damped. The autopilot also serves to make the 
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Fig. 1 Flow diagram of a guided missile system, showing 
the approach to system design 


performance of the controlled missile, i.e. the missile 
with autopilot, less variable with velocity and altitude— 
this point has already been discussed in a previous 
article in this series (7). The parameters of the autopilot 
are therefore very dependent on the missile aerodynamic 
characteristics once the type of control to be used, for 
example a rate gyro, has been established. They are 
also affected by the choice of guidance, since this has 
a considerable bearing on the desirable controlled mis- 
sile performance. 


Choosing the kind of guidance 


No attempt will be made in this article to discuss 
all the possible guidance systems together with their 
advantages and disadvantages. Some of the more widely 
used have already been listed in the introductory article 
to this series, and give an idea of the choice available. 
Most known systems fall into one of three categories: 
beam-rider, command link or homer. 


Beam-riding and command link systems 


The beam-rider is guided to fly along a radar beam 
towards the target. The powerful radar beam, usually 
from a ground- or ship-based transmitter, may be 
always directed towards the target (line-of-sight beam- 
riding), or may be programmed so as to cause the mis- 
sile to fly along a specific trajectory (command beam- 
riding). Beam-riding has the advantage of simplicity, 
yielding linear equations when dealing with the theory 
of the system. A line-of-sight beam-riding system re- 
quires less ground equipment than a command system, 
as the latter must include some form of computer to cal- 
culate the required commands. However, a beam-riding 
system can engage only one target at a time and the 
accuracy of the guidance decreases with radar-target 
range. Moreover a line-of-sight beam-riding missile 
trajectory is not the optimum one from the point of 
view of missile aerodynamic range. Line of sight beam- 
riding has been discussed in some detail in a previous 

‘sle in this series (2). 


Command link systems, as the name implies, function 
by virtue of a link, frequently radio, between operator 
and missile, and thus the missile is controlled to follow 
the desired course; command beam-riding can be in- 
cluded in this category. Command systems have the ad- 
vantage that a powerful transmitter may be used and 
there is considerably less missile-borne equipment re- 
quired than with other systems. See the first article of 
this series, on visual command guidance (3). 


Homing systems 

The third category—guidance by homing—is most 
generally used for short range missiles, or the final stage 
of longer range missiles, since the useful range of a 
homing system is determined by the size of the homing 
eye in the nose of the missile. Homing systems have the 
major advantage that the accuracy is dependent on mis- 
sile-target range and therefore increases as the missile 
nears the target. 

Homing systems can be subdivided into three groups: 
active and semi-active systems operate with radar, com- 
pletely missile-borne in active systems. In semi-active 
systems only the receiver is carried by the missile. Pas- 
sive homing, the third group of systems, relies on the 
target itself to provide the information source, the mis- 
sile carrying a receiver; a missile with an infra-red 
homing head operating on the thermal output of the 
target engine is an example of this group. A missile 
using active homing carries a much smaller transmitter 
than is used with a semi-active homer or a beam-rider, 
and is therefore more susceptible to enemy jamming. 
In an active homing system, the missile carries the 
transmitter used for illuminating a target, and once it 
has been launched it is, therefore, independent of any 
other equipment. In semi-active homing, the illuminat- 
ing transmitter is usually carried by the launcher. This 
system can considerably restrict the tactics of the 
launcher after the missile has been released, particularly 
if ship- or air-borne, since the radar must continue to 
illuminate the target throughout the missile flight; how- 
ever it does call for simplified missile-borne equipment. 

Clearly the type of guidance system chosen greatly 
affects the associated equipment required in the whole 
system. For example, both beam-riding and semi-active 
missiles need a large target-illuminating radar, whereas 
an active or passive homing system does not require 
any additional equipment once the missile has been 
launched on the correct course. 


Design technique 

To give some indication of the technique of solving 
these problems, it is convenient to divide the aerodyna- 
micists, engineers and mathematicians working on the 
system into two groups. On the one hand there are the 
theoreticians working with pen and paper and helped 
by both digital and analogue computers to produce the 
basic design parameters. On the other there are the com- 
ponent engineers who try to design and make equip- 
ment which has the required theoretical preformance. 
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Obviously no rigid boundary exists between the two 
groups; the component engineers frequently supply the 
theoreticians with parameters which will be realizable in 
practice. The general design approach can be illustrated 
by reference to Fig. 2. 


Calculation and simulation 


The initial theoretical design, such as selection of 
guidance, is undertaken on quite crude assumptions. 
This enables fairly simple analysis to be carried out, 
resulting in rough values of the basic system parameters. 
These calculations are followed by simulation of the 
problem using either a digital or an analogue computer. 
This simulation ignores a number of the early simpli- 
fying assumptions and may include some non-linearities 
of the system. The result of the simulation is a first 
set of values of parameters, which will give an optimum 
performance for the conditions considered so far. 

A complex missile system has a number of factors 
which ideally should be negligible, but which in prac- 
tice decrease the stability of the system. These include 
cross-coupling, that is interaction between the perform- 
ance in the separate control planes, and this can lead to 
phasing error in beam-riding systems (2). Another fac- 
tor is dish-missile coupling, which can be very trouble- 
some in homing systems. This effect arises from coup- 
ling of the missile motion into the performance of a 
space-stabilized auto-follow dish system, and is discussed 
in more detail later. 

The next stage in the design is the simulation of the 
system including the destabilizing factors, and results 
of this may demand a change in the first selected values 
of the parameters. 

Another consideration at this stage is the effect of 

Fig. 2 The sequence of work in designing a guided missile 


system. The method by which each step is made is shown 
in the shaded boxes 
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Fiz. 3 Block diagram to illustrate destabilizing effects due 
to aberration in a homing system 


noise on the system. This may be caused by the mis- 
sile electronics, but external noise is usually more 
important. Noise can, for example, be due to jitter on 
the radar beam in a beam-rider or to target glint, i.e. 
random motion of the point of reflexion of the tar- 
get, in a homing system. In both types of system, noise 
can also arise from reflexion of part of the transmitted 
power from the earth’s surface; this is generally referred 
to as clutter. The simulation may be extended to include 
more complex target manceuvres than were considered 
initially. 


Optimized parameters 

The outcome of the above analysis and simulation 
is a set of optimized parameters which will give the 
most satisfactory missile system performance, taking 
account of all the more obvious factors which affect the 
performance. These optimized parameters are then 
handed to the component engineers who try to design 
a realizable system with the desired performance. One 
often finds, in an engineered system, that the theoreti- 
cally optimized parameters are not mutually compat- 
ible; then fresh suggested values are passed back to 
the simulator operator so that the effect of these on 
the performance of the optimized system may be dis- 
covered. 

Before the engineered equipment goes into produc- 
tion it is also essential to discover the effect on system 
performance of those component tolerances which will 
be experienced in the manufactured design. 


Manufacture and trials 


The missile and all its component parts are next 
manufactured, and after tests in the laboratory and sim- 
plified firings, a number of missiles are fired at trial 
targets. The values of numerous variables within the 
system are monitored and telemetry records obtained 
during the missile flight trial. The missile trajectory 
is also followed by instruments such as cameras and 
kine-theodolites. All these resulting records are analysed 
and thus the performance of the missile and its com- 
ponent parts during the flight is fairly well known. 


Simulation again 
It is at this stage that the simulator is again brought 
in. If an analogue computer is arranged so that it solves 
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the missile performance with the inclusion of as many 
as possible of the known factors such as non-linearities, 
cross-coupling effects, and noise, it is then possible to 
simulate a missile trial, and monitor, from the simula- 
tor, records which are similar to those obtained from 
the actual trial telemetry. The simulator can then be 
used in three ways: 

1. An estimate can be obtained, before any specific trial, of 


the likely missile performance and the amount of variation 
there may be in the monitored variables. 


2. If something unexpected occurs in a given trial, the trial 
conditions may be set up on the simulator, and if the pheno- 
menon is repeated on the simulator it is then possible to 
investigate the cause. If it does not recur in the simulated trial, 
a number of modifications can be made to the simulated prob- 
lem and hence an estimate obtained of a possible fault in the 
trial which could have given rise to the unexpected effect. 


3. It is not always possible to carry out trials with targets the 
performance of which is similar to that of the ultimate mis- 
sile target. In this case a simulator can be used to extend the 
trials, as the effect of the theoretical target performance can 
be set on the machine. 


System design example : dish-missile coupling 

One of the most troublesome destabilizing effects 
which must be taken into account in designing a suc- 
cessful homing system is that due to coupling of the 
missile motion into the performance of the auto-follow 
loop. A gyro-stabilized dish system forms part of the 
auto-follow loop which enables the radar aerial to be 
kept continuously pointing towards the target. Ideally 
this system is stabilized with respect to space axes and 
should be independent of the missile motion. However, 
a number of factors in a practical system cause the 
behaviour of the stabilization system to be affected by 
the missile. Two of these are mentioned in the article 
on homing systems (/). One is refraction of the sight 
line by the radome which forms the nose of a homing 
missile, the amount of refraction depending on the 
angle of look of the dish. Thus this refraction is a func- 


Fig. 4 Response of missile acceleration to a step change of 
sight line for various values of aberration A 
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tion not only of the direction of the missile-target sight 
line in space but also of the missile heading in space. 
The second is the finite stiffness of the servo, and this 
an example of the type of coupling which depends 
on the particular tracking system used. Dish-missile 
coupling can also be brought about by imperfections, 
such as friction at the bearings or backlash, in the 
actual operation of the mechanical system. 


Improving stabilization 

Once the mechanical design of the stabilization system 
has been decided, it is possible to obtain some estimate 
from the mechanical engineers of the magnitude of the 
parameters which determine the amount of coupling. 
Simulated missile flights carried out with the inclusion 
of the particular form of dish-missile coupling under 
consideration give estimates first of the resultant stability 
of the system and secondly of the effect of the coupling 
on the miss distance obtained. Frequently first estimates 
of the parameters obtained from the mechanical engin- 
eers lead to an unsatisfactory overall missile perform- 
ance, and the designers are called in to look again at 
the stabilization system and improve it in such a way 
as to reduce the amount of coupling. For example, the 
destabilizing effect due to radome aberration depends 
very much on the shape of the radome which is being 
used with the missile. Simulated flights can lead to 
limits being placed on the amount of aberration which 
is consistent with satisfactory missile performance. These 
limits in turn restrict the shape of the radome, in par- 
ticular the ratio of length and diameter. This informa- 
tion on radome shape must then be passed back to the 
aerodynamicists since it can affect the aerodynamic per- 
formance of the missile to a marked degree. 


The effects of radome aberration 

To illustrate the way in which these destablizing 
effects are investigated, the problem of radome aberra- 
tion will be discussed in rather more detail, repeating 
for completeness some of the points already mentioned 
in this series by Sendles (J). A block diagram of the 
system is shown in Fig. 3. The missile radome refracts 
the true direction of the missile-target sight line Ys such 
that the target appears to lie in a direction Y¥s4, where 


¥sa— Ys te 


The amount of refraction, or aberration as it is more 
generally called, depends on the particular part of 
radome at which the radar dish is pointing; thus the 
error ¢ is a function of the angle of look, i.e. the angle 
between the sight line direction and the missile direc- 
tion wy, all angles being referred to a datum in space. 


Thus Ysa = Ys + f(vs va vu) 


A missile homing on proportional navigation derives 
the guidance signals, which are used to move the con- 
trol fins, from the measured rate of turn of sight line. 
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If Yr is the desired flight path direction, the navigation 
law becomes 
Pvro = kK pos 


d ; 
where p = an” and & is a constant 
t 


or if aberration is present 
Piro = k psa 


Therefore pwvrp =k[p vs + pis — u)] 


and it is the rate of change of the aberration error which 
affects the missile guidance. In order to carry out the 
preliminary paper analysis, the curve of aberration error 
against angle of look is assumed to be a straight line 
of slope A, i.e. linear radome aberration. 

The navigation law may now be written as 


P veo = K[p vs + pA (Ys — Yw)) 
or Piven = KL + A)pys— kKA pou 


The radome aberration can thus be seen to have a 
double effect, first it has modified the navigation con- 
stant k and secondly it has introduced a term dependent 
on the missile motion, the dish-missile coupling effect. 


When does the system become unstable ? 

If the missile system is assumed to be such that the 
achieved rate of turn of flight path py, is related to 
the demand by a second-order function 

Dvr = Pvrp 
bp = - 
p? + Bop + ow? 
and the missile heading and flight direction are related 
to the incidence lag T, by 
vu = ve(1 + Tap) 


the transfer function relating achieved rate of turn of 
flight path to rate of turn of sight line becomes 


Pwr } k #(1 + A) 
p Ws p* + (2S + KAT 3")p + w*(1 + Ak) 
It can be seen from the above that the system will be- 


come unstable if 
2% + KAT gw? <0 


Sw 
KT 3 





i.e. if A<- 


Thus if the missile parameters are known, this critical 
value of negative aberration slope Ay- can be calcu- 
lated. Alternatively the missile parameters are deter- 
mined by a given amount of aberration. 

In practice the rate of turn of sight line is measured 
by a radar and dish servo system, and the measured 
rate therefore lags on the actual rate. This lag may be 
approximated to by another second order function with 
parameters , and $, such that 


2 
®p 


(Pp ¥s)u = Pp Ys ——___——__ 
py tT 25 pwpp + wp? 


If the effect of this dish servo is now included in the 
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Fig. 5 An analogue computer used in guided missile simulation 


analysis, it can be shown that the system will become 
unstable, not only for a critical value of negative slope 
Aye but also for a certain value of positive slope Apc, 
the response having two modes of oscillation the damp- 
ing of which varies in opposite directions as the value 
of A is changed. 


Calculating permissible aberration 

The next step is to set up the system on a simulator, 
replacing the simple missile transfer function by a more 
exact representation of missile and autopilot. The way 
in which the missile response varies with change in the 
value of aberration slope may be seen in Fig. 4 which 
shows responses of achieved missile acceleration to a 
step change in missile-to-target sight line direction for 
various values of A. The maximum values of + A 
taken are slightly less than critical. 

The simulator can now be used to obtain estimates of 
the miss distance achieved for various amounts of aber- 
ration. This is done by closing the loop between achieved 
acceleration and rate of turn of sight line with a kine- 
matics computer solving the geometry of the system. 
From these results the maximum amount of linear 
aberration which will give a satisfactory missile per- 
formance can be estimated. 

In practice the curve of aberration error against 
angle of look is by no means linear and the above simu- 
lation is repeated using actual curves, which have been 
taken from measured radomes, in place of the linear 
relationship. It is frequently found from this latter block 
of simulation that the performance of the missile with 
the practical radome necessitates changes in the dish 
servo parameters which have previously been selected. 
As mentioned earlier in this article, the simulation is 
also repeated with the addition of noise, in particular 
that due to target glint, the random motion of the point 
of reflexion of the target. From the results of this simu- 
lation the value of miss distance which can be achieved 
in practice can be estimated. 
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PART 1 


These standard devices are being 
turned to a new use in the steel 
industry. Their employment in 
rolling mills is described here as a 
pointer to other possible applications 


Uniselectors 


enter automatic programme control 


IN MANY INDUSTRIAL INSTALLATIONS TODAY THERE IS AN 
increasing demand for greater production and increased 
quality of product. Performance on manual control is 
now approaching the limit, and much effort is at pre- 
sent being expended in developing suitable automatic 
programming and sequencing equipment. 

In ferrous and non-ferrous rolling mills, for example, 
automatic programming equipment will provide, at the 
correct time and in the correct sequence, reference sig- 
nals for the automatic position control of screws, edgers, 
manipulators etc., or for the automatic speed control 
of the main drive, inlet and outlet tables etc. In hot 
tandem mills, references for the speed, screw setting 
and tension of each stand are required, and cold mills 
require in addition automatic gauge-control reference 
signals. The magnitudes of the signals themselves are 
determined either as preset stored values or from com- 
putation by the equipment itself. Thus installations will 
vary considerably depending upon the type of mill being 
controlled, but, broadly speaking, programming controls 
can be divided into groups according to whether they 
are based on (a) uniselectors and relays, (b) plugboards 
or setting potentiometers, (c) punched cards or tape, 
or (d) analogue or digital computers. These groups are 
briefly described below. 


Uniselectors and relays 


Equipment based on uniselectors may be employed 
where the required schedule or programme of settings 
for a particular product can be determined largely be- 
fore production commences. A limited number of pro- 
grammes can be stored conveniently (about a hundred) 
and access is very rapid. If there is any similarity be- 
tween the various programmes it is possible, by arrang- 
ing for programme changes during rolling, to increase 
this capacity greatly without enlarging the equipment. 


% 
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This type of programmer would be suitable for the 
class of hot or cold reversing mill or tandem mill (initial 
setting), where the total number of programmes handled 
is limited but where the change of programme is fre- 
quent. Plugboards can be used for experimental pro- 
grammes, or those which are seldom required. Also in 
this category are draft controllers of various types. 


Plugboards or setting potentiometers 


As a simplified version of the equipment described 
above it is possible to use plugboards alone in conjunc- 
tion with sequencing relays. As an alternative to plug- 
boards, position- and speed-setting potentiometers can 
be used, and early automatic programming equipments 
were based either on these, or on plugboards. However, 
this type of equipment has the major disadvantage that 
the setting of each new programme is laborious. 


Punched cards or punched tape 


This equipment would have applications similar to 
those of the uniselector-type programmer, but would 
be used where the number of stored programmes re- 
quired is very large. Punched card or tape programmes 
could therefore be used for a mill having a large range 
of products, but where the next programme required is 
known for a reasonable period beforehand. That is, 
the access time for this equipment is much longer than 
for the uniselector type of equipment. As before, plug- 
boards can be included for experimental or rarely used 
programmes. 


Analogue or digital computers 


This type of equipment may be used where it is 
necessary to make settings which are dependent upon 
the results of action by other controls. Computers could 
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suitably be used for production control, and for obtain- 
ing on a probability basis the maximum utility for a 
product, e.g. cut-length control on a sawbench. They 
could also be used in conjunction with punched-card 
or uniselector equipment to control, for example, screw- 
down, speed, and tension continuously on each stand 
of a hot or cold tandem mill; or to make corrections 
dependent upon temperature and load after each pass 
on a hot or cold reversing mill. 





UNISELECTORS CHOSEN FOR STEEL MILLS 

The basic uniselector scheme was devised for auto- 
matic screwdowns by the British Iron and Steel 
Research Association, and from this complete automatic 
programming equipment has been developed in the 
form of standard units which can be assembled as re- 
quired for any particular application. 

A uniselector is essentially a multi-way multi-level 
selector switch. There are two main types employed 
in this automatic programming equipment: ratchet uni- 
selectors having eight levels, each of 25 contacts, and 
motorized uniselectors having sixteen levels, each of 
51 contacts. The former type is actuated by a solenoid- 
operated ratchet mechanism that moves the wipers for- 
ward one position each time the solenoid is pulsed. 
The latter type is driven by a small motor, and the 
associated circuits ensure that, when control signals are 
applied to the motor, the wipers stop or start almost 
instantaneously. Thus if one of the sixteen levels is 
used to control the position of the uniselector, any re- 
quired position can be obtained by energizing, or ‘mark- 
ing,’ the appropriate contact on this level by means of, 
for example, a multi-way single-pole switch. This pre- 
pares a control circuit through the associated wiper, 
and the uniselector will then move until the control cir- 
cuit is closed when this wiper reaches the selected con- 
tact. The motor then stops before the wiper leaves this 
contact. By using two levels and two selector switches 
in series it is possible, in a similar manner, to make 
the marked position dependent upon the combination 
of the settings of the two switches. Thus if two seven- 
way switches were used, 49 of the 50 possible ways 
could be selected. 

Taking this a stage further, the uniselector setting 
can be controlled by a number of selector switches in 
series, each being associated with a separate level (see 
Fig. 1a). 

With this type of programmer there are four main 
stages in the operation of the equipment (see Fig. 1). 
These are programme selection, programme storage, 
pass selection, and the digital output reference signal. 
The four stages are discussed in more detail below. 





































Programme selection 


Any particular programme, or schedule of settings 
for screwdown, manipulator, speed, etc., can be fixed 
if full information regarding the dimensions and phy- 
sical properties of the piece to be rolled is known. Thus 
the input dimensions or weight of the piece, the tem- 
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perature, the type of material, and the required finished 
dimensions would need to be known, together with any 
other factors or variables that would cause a change 
of programme. If the individual values of each of these 
variables are marked on a selector switch, and a separ- 
ate selector switch is used for each variable, it is pos- 
sible to identify completely any required set of condi- 
tions by setting these switches correctly. 

Considering again the motorized uniselector, it has 
been stated that any required position can be obtained 
by using a number of selector switches in conjunction 
with a corresponding number of levels on the uniselec- 
tor. If these switches are marked as described in terms 
of the required programme, each of the fifty positions 
of the motorized uniselector represents a separate pro- 
gramme, or set of conditions selected by the switch 
settings. The possible number of combinations can ex- 
ceed the fifty positions on the uniselector, but many do 
not correspond to realistic programmes. Allowance can 
be made both for increasing the number of programmes 
beyond fifty and also for giving a suitable signal should 
an unrealistic combination be selected. Thus any re- 
quired programme can be selected by means of switches 
marked in terms of input and required dimensions, tem- 
perature, type of material and any other factors which 
would cause a variation of programme. 


Programme storage 
It will be remembered that a motorized uniselector is 


effectively a motorized switch consisting of 16 levels of 
51 contacts. Thus if a storage uniselector using one 


Fig. 1 Diagram of automatic programmer a Programme 
selection b Programme storage c Pass selection d Output 
reference 
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Fig. 2 Uncovered master unit, front and back 


marking track only is controlled from the programme 
selection uniselector previously described, fifteen levels 
are available for storing the programmes themselves. It 
will be seen therefore, that a motorized uniselector can 
store fifty programmes each of fifteen passes, and each 
of these 750 points represents a stored position or 
speed reference. Thus a fifteen-pass programme is stored 
by wiring the fifteen points of the appropriate position 
on the storage uniselector to the correct fifteen points 
on the marking level of the output uniselector (see 
Digital Output Reference Signal below). 

A separate uniselector is required for each function 
(screws, manipulators, speed etc.), but these are all 
controlled or * slaved ’ from the single programme selec- 
tion, or master uniselector. 


Pass selection 


One of the fifty possible programmes having been 
selected, it is now necessary to select consecutively the 
pass settings for each function. A ratchet-type uni- 
selector is used for this purpose, and the wipers of 
each programme storage uniselector are connected con- 
secutively to one level on the ratchet uniselector. Thus, 
as this uniselector is stepped forward once after each 
pass, succeeding reference settings are obtained. 


Digital output reference signal 


It will be seen that the effect of the programmer so 
far is to select, for any one setting, one contact from a 
total of 750 (i.e. 50 X 15) on the programme storage 
uniselector. Thus each contact on this uniselector repre- 
sents any one of many possible reference settings (i.e. 
screwdown position etc.) and, in order to obtain flexi- 
bility, a further motorized output uniselector is in- 
cluded to convert the signal from the selected contact 
into a digital reference. Each of these contacts is con- 
nected to one of fifty contacts on the marking level of 
this output uniselector. Thus each position of this uni- 
selector represents one reference value, and there are 
therefore basically fifty possible different values for the 
750 stored settings. As will be seen later however, this 
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output storage capacity can be increased if desired. Each 
of ten of the remaining fifteen levels on the output uni- 
selector controls a relay, and this in turn represents one 
of ten binary digits. This ten-binary-digit number con- 
stitutes the reference signal for the function concerned, 
and the value for any particular output uniselector set- 
ting is determined purely by the wiring of ten of the 
fifteen contacts on the relevant position. The digital 
number can either be converted into a voltage propor- 
tional to this number by means of a digital potentio- 
meter, or the number can be used directly by compar- 
ing digitally with the servo-loop feedback signal. 

Since it is possible to control many programme stor- 
age uniselectors (one for each movement being con- 
trolled) from one programme selection uniselector, only 
one such uniselector is required for a complete equip- 
ment. Similarly, since there are eight levels on the 
ratchet uniselector, several storage uniselectors can be 
scanned pass by pass by one ratchet uniselector. 

It would be possible theoretically to combine the 
action of programme storage and programme selection 
in one uniselector. Due to the number of levels required 
for marking from the selector switches, however, this 
leads to reduced pass storage capacity. In addition it 
will be appreciated that difficulties arise with regard to 
standardization. 


STANDARD PROGRAMMING UNITS 


The equipment described above can be divided con- 
veniently into a number of standard units or ‘ bricks’ 
which can be assembled as required for any particular 
application. Each unit is contained in one of two stan- 
dard sizes of box, and the uniselectors are vertically 
mounted with back and front access available for main- 
tenance purposes. Each unit is fitted with plugs, and is 
mounted by means of a hinge-and-catch arrangement. 
This facilitates quick removal and replacement should 
this be required for maintenance or wiring-in of pro- 
grammes. Dust-proof covers are provided with quick- 
release fasteners, and visual inspection of the uniselec- 
tors is possible through a front window. The standard 
units themselves aie described below. 


Programme and pass selection 


A complete automatic programmer requires only one 
programme-selection motorized uniselector and one 
pass-selection ratchet uniselector. Thus it is logical to 
mount these in a single box. This selector unit is effec- 
tively a master which controls all the other units as 
slaves. This unit, therefore, selects the programme dic- 
tated by the input switches, and selects consecutively 
the pass settings for the various functions. See Fig. 2. 


Programme storage unit 


This unit contains all the essential components for 
storing programmes and output reference settings for 
one movement or function. Thus for any particular 
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equipment there would be a number of these units, 
one for each manipulator, one for the screws, one for 
the speed, etc. All the units would be controlled as 
already described, both for programme and pass selec- 
tion, by the single master unit. The unit therefore con- 
tains one programme storage and one output motorized 
uniselector, together with a tag board to facilitate the 
wiring-in of new programmes when required. Standard 
cable forms are provided for this purpose. See Fig. 3. 

The unit stores nominally a maximum of fifty pro- 
grammes of fifteen passes, and gives an output refer- 
ence in the form of a ten-binary-digit number. How- 
ever, it often happens that many of the programmes re- 
semble one another closely, and if it is found possible 
to reduce all incoming pieces firstly to one of two or 
three standard intermediate sizes, this storage capacity 
can be greatly increased. After reducing the piece to 
one of these standard sizes, the programme storage uni- 
selector, controlled by the master unit, can change 
position automatically to select a sectional programme 
giving the correct output dimensions. This mid-pro- 
gramme change facility can also be used to change pro- 
gramme during rolling, should this be necessary due 
to, say, the low temperature of a piece. 


Plugboard 


Before any programme is wired into the permanent 
store is is sometimes necessary to carry out experiments 
to determine the optimum settings for each pass. Plug- 
boards, which are selected by means of the input 
switches, and which control in turn the relevant output 
uniselector, are included for this purpose. These plug- 
boards can also be used for programmes which are 
rarely required, and are therefore not worth storing. 
See Fig. 4. 


Fig 3 Uncovered storage unit, front and back 
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Fig. 4 Plugboard for trial programmes. Up to fifteen passes 
are possible, with 49 coarse and three vernier settings 


Increase of storage capacity 


The basic equipment can store fifty programmes of 
fifteen passes, and can give any one of fifty reference 
settings selected from a total of 1024. It is often neces- 
sary to increase this storage capacity and half-sized 
auxiliary units are available for a. doubling the number 
of stored programmes, b. doubling the number of passes 
per programme, and c. increasing the number of pos- 
sible reference settings from 50 to 750. The unit used 
for increasing the number of possible outputs can also 
be used on its own where a total of only fifteen possible 
reference settings are required. This unit would be suit- 
able for mill speed control. 


Self-contained units 


For certain applications the required storage and 
control facilities are limited and the complete equip- 
ment can be accommodated in a single unit. Thus a 
unit combining the functions of the master unit and 
storage unit is available. This stores up to eight pro- 
grammes of 25 passes and gives any one of 750 possible 
reference settings. 

On plate mills it is normal to set each successive 
screwdown position by subtracting the movement re- 
quired from the previous setting. That is, the draft, as 
opposed to the absolute position, is controlled. A single 
unit is available which converts the draft selected by 
the operator into a digital number, and subtracts this 
from the original screwdown reference signal by means 
of a relay subtractor. 


To be continued 
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Bocklosh 


An abridged version of a 
paper to be read before 
the SIT on September 29th 


THE ANALYTICAL ASPECTS OF SERVO SYSTEMS HAVE 
been ably and fully dealt with by physicists and mathe- 
maticians, and there is an extensive literature on the 
subject. Few books or papers give much useful guid- 
ance in the engineering design stages, such as design- 
ing or choosing a motor and a gear train is give a spe- 
cific performance with a particular load under given 
conditions. 

This paper describes an approach. Properly played 
it will land you near, if not actually on, the green, 
where the finer subtleties of scientific putting can be 
profitably exercised. There are many small servos where 
these design considerations are not important. I liken 
these to clock golf on a lawn: one is on the green to 
start with. There are a greater number of servos, both 
large and small, where mechanical design is the domin- 
ating factor. 

Men of powerful intellect have unfortunately tended 
to concentrate on matters which can be expressed in 
symbolic terms and to neglect things which cannot be 
so expressed, in spite of the fact that both are equally 
important and they both need equal mental powers. 
Failures are probably less often due to defective science 
or deviationism in the black box than to the use of 
the wrong size of nuts and bolts. I am told that the 
higher intellects naturally draw towards activities which 
can be precisely expressed. What is more precisely ex- 
pressed than—say—the cutter spindle and bearing 
arrangements of a Mikron gear hobber; but how do 
you express it symbolically? 


Tests on existing materials 

Some experience is needed before starting on a new 
design, and we can gain such experience by doing trials 
with existing material either in reality or in imagination. 
A design must have reference to a specific problem, and 
in the case considered the motor has some relationship 
between its torque and speed, such as does either an 
electric motor or a valve-controlled hydraulic motor, 
and the load will have substantial inertia as well as fric- 
tion. A gun or radar aerial mounting—in which my own 
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An engineer’s approach to a servo problem 
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experience has been most direct—provides a typical case 
covering most servo problems in principle and includ- 
ing the points that occur in other applications. The fac- 
tors dealt with are completely general and apply to any 
servo system of any size. The results of the tests out- 
lined below, which have been proved by much experi- 
ence, will tell one what to look for in performance 
and what to strive for in design. 


Backlash, hysteresis, and resilience 

These bugbears are best analysed by a stiffness test. 
The gear train is locked at the end remotest from the 
motor (with means for measuring the yield of the lock- 
ing arrangements), torques are applied at the motor 
coupling, and the angular yield is measured. Torques 
are best applied cyclically, in steps, to increasing ampli- 
tudes in both directions. The results come out as a 
series of mechanical hysteresis loops from which back- 
lash, resilience and plastic yield can be effectively 
separated, as shown in Fig. 1. Referring the torques to 
the moment of inertia of the driven load, and plotting 
them in non-dimensional terms as an acceleration/ yield 
relationship, we get curves like Fig. 2, where the slope 
of a line through the origin is a direct measure of the 
natural frequency of torsional oscillation. 

This diagram is an intimate glimpse into the very 
heart of the machine, with all its defects and virtues 
visible at a glance. The servo performance will be 
dominated by the character of the hysteresis loop, 
especially if there is any appreciable intertia in the load. 
Experience shows that natural frequencies derived from 
these static stiffness tests give results closely matching 
the figures obtained under dynamic working conditions. 


The running-up curve, and its derivatives 

If the motor is energized at full power—as with a 
large error signal in normal use—and allowed to run 
free we can get a curve of speed as a function of time, 
such as curve A of Fig. 3. Graphical differentiation of 
this curve will give us curve B, acceleration as a func- 
tion of speed, the phase plane trajectory of the running- 
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up curve. This curve B is an envelope, containing all 
the possible combinations of speed and acceleration at 
which that motor with that load and that gearing will 
run. Servo conditions need a margin of performance 
of both speed and acceleration, so a smaller envelope 
such as curve C, will give the limiting conditions under 
servo control with a permissible error. 

How closely the useful servo performance envelope C 
approaches the free running performance curve B de- 
pends on the quality of the servo-characteristics, the 
signal processing arrangements and their performance. 
Fig. 2 gives the character of the engineering design of 
the system at a glance, without regard to ‘ servo’ mat- 
ters, and this Fig. 3 gives the character of the servo 
system as such; the capacity of the motor for handling 
its load, and the limits of servo performance. Both dia- 
grams are of fundamental importance, and demand 
careful study. 


Simple harmonic motion tests 

A useful way of testing a servo system is by a simple 
harmonic motion test, the input transmitter being 
oscillated at a known amplitude and frequency. The 
simultaneous combinations of speed and acceleration 
occurring during simple harmonic motion can be re- 
presented on the left-hand side of Fig. 3 by a circular 
or elliptical locus curve, of which one quadrant is 
shown in curve C. 
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do a simple harmonic motion test, recording the error 
signal and its relation to the input. The recorded errors 
can be plotted as at right-angles to the paper at the 
appropriate points of acceleration and speed on the 
relevant curve C of Fig. 3. 

This method of presenting the results of simple har- 
monic or other running tests in their proper relation- 
ship to the running-up curve derivatives is of great 
value. The positional error for any combination of 
speed and acceleration depends on past events. The 
same combination of simultaneous values of speed and 
acceleration can occur with two different simple har- 
monic motion cycles, such as curves C and F but it 
is not to be expected that the positional errors at the 
point of intersection will be the same for both. 


Specific performance 

Most servo systems are intended to fill certain condi- 
tions of speed and accuracy, either simultaneously or 
with certain maximum running speeds, and a specified 
accuracy under static or slow running conditions. Most 
of these are conveniently dealt with as ‘steps per 
second’. There are usually no definite ‘ steps’ but there 
will be an accuracy figure, the smallest quantity that 
need be considered, say three minutes of angle for a 
precision radar mounting. We can call this a step. 
Twenty degrees per second with three minute accuracy 
will be 400 steps per second. If five minute accuracy 
would suffice, this will be 240 steps per second. One 
soon gets used to the figures: 50 per second is easy, 
100 is pretty good, 250 is very high, and I have not 
yet seen a servo working at 1000 steps per second, 
though this may well be possible. 

The reciprocal of steps per second gives a time, which 
can be considered as the effective time-constant of the 
system, linked to the quantities shown in Fig. 2 and 
Fig. 3. If the structural stiffness, for example, corres- 
ponds to only about 3 or 4 c/s one cannot expect a 
high performance. Curve A of Fig. 3 will approximate 
to an exponential curve with a time-constant equal to 
final velocity/initial acceleration. This time-constant 
clearly limits the rate of response to rapid changes in 
the input. 







Fig. 3 Running-up curves and their 
derivatives 







Fig. 2 Typical hysteresis loops 
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Design of a new system 

The design of a new system is usually rather a cut 
and try business. The gear to be controlled may be in 
existence, and we must make the best of it somehow, 
or there may be only a limited range of types and sizes 
of motor available. A duty cycle, or time programme of 
performance is the necessary starting point. It might 
take the form of Fig. 4a, a time programme of dis- 
tance as a function of time, or b, speed/time. We also 
need an acceleration/time curve, obtained by differen- 
tiating b once or a twice. Splitting this diagram up into 
vertical strips, we get for each strip simultaneous values 
of speed and acceleration. These can be plotted, one 
for each strip, on a diagram like Fig. 5. These can all 
be plotted together, remembering that points of retarda- 
tion must be considered in conjunction with the ‘ brak- 
ing’ curve of Fig. 3. 

An envelope can be put round these points, or as 
many as may seem necessary. This envelope, giving 
us maximum values of speed and acceleration, is one 
of the performance curves C of Fig. 3, and we must 
now choose or design a motor whose character is such 
that we shall get this performance under servo condi- 
tions allowing for all the effects of friction and inertia 
of the driven load, the gear ratio used, and the efficiency 
of the gearing. The free running envelope, curve B, 
must have a sufficient margin to do this. 


First steps 

We start with the mechanical design. If the gear is 
in existence we do some stiffness tests on it, and plot 
some hysteresis loops. If not we must look carefully at 
the detail drawings of the whole system, estimating 
what will be the response of each component. We lock 
up the final drive, or take the gear up to its stops, and 
apply torques to turn the motor further. What sort 
of a ‘ wind-up’ do we get? What will this torque look 
like when translated into acceleration and plotted on a 
diagram like Fig. 2? 

These matters—the necessary starting point—are 
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Fig. 4 Typical duty 






Fig. 5 Duty cycle analysis 
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hardly possible to calculate. Judgment based on ex- 
perience will be needed. Experience soon builds up 
from trials of available material. There is a tendency 
to put the control system, and signal processing com- 
ponents into a different category from the ironmongery 
that are intended to control, but the whole system from 
end to end is one thing, and must be considered as 
such. In particular, is the linking up point between two 
separate elements, possibly made by different firms to 
different sets of drawings, with different tolerance sys- 
tems, perfectly clear to all concerned as to exactly what 
is intended ? Changes in layout or mechanical design 
are difficult to deal with after manufacture. Some early 
applications of servo control to machine tool drives 
showed lack of appreciation of the overall dynamics of a 
servo problem. A mechanical layout well suited to hand 
control may be a failure under servo conditions. 

A proper order of approach must be made—the 
known factors are the load conditions and the per- 
formance required. The system must be designed to 
suit them, working backwards from the known to the 
unknown. If the load conditions are not known we 
have no starting point, and something must be 
assumed. What follows will depend on our assumption. 
No design can be taken for granted. Gearing quite suit- 
able for hand control may be utterly unsuited for servo 
operation. 

Is the structure stiff enough to prevent the storage 
of large amounts of strain energy on the sudden appli- 
cation of full load torque? Is there enough metal to 
carry the strain energy resulting from an occasional 
oscillation? Is the structure capable of sufficiently rapid 
distribution of energy from the point at which it is 
applied to prevent local damage? Resonance may occur, 
if only for one cycle, and involve stresses much greater 
than the normal full load torque of the motor. 


Matching the motor to the load 


Figures of motor performance give torque as a func- 
tion of speed. A gear efficiency figure gives the net 
torque available, as in curves | and 2 of Fig. 6. Fric- 
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tional or working load torque at the load spindle, re- 
ferred to motor shaft value, is shown in curve 3. The 
difference between 2 and 3 is the torque available for 
accelerating the load, and the intersection of these two 
gives the maximum free running speed of the system. 
Curve 4 is acceleration torque as a function of load 
speed, plotted as load acceleration as a function of 
load speed. A simple graphical integration gives us 
the free running-up curve of our new system, integrat- 
ing the relationship between speed and acceleration of 
curve 4 into that between speed and time, curve 5. This 
is our designed performance which we expect to get on 
trial; and it remains to be seen whether the performance 
envelope E of Fig. 5, derived from the duty cycle, falls 
far enough below this new derived free running enve- 
lope, 4 of Fig. 6, to give us the performance we need. 
Some judgment will be needed here, depending on the 
character, and performance needed, of the system as 
a whole. Twice the maximum power represented by the 
time programme of performance gives a good starting 
point. Where accuracy is only expected under static, or 
very low speed conditions a smaller margin will suffice, 
but the stiffness/inertia ratio should be maintained, to 
prevent damage by random movements of the input 
transmitter. 


Gearing 

Many factors are involved in the best ratio between 
motor and load. The motor speed at which it gives its 
maximum output should be somewhere near that at 
which it will run when the driving power required is 
greatest. It is also good to have a high acceleration 
available, i.e. a reasonably optimum ratio of motor 
torque/system inertia. The maximum occurs when the 
referred inertias of motor and load are equal; but it 
is not at all critical. Large changes, such as may be 
needed to enable the motor to run most frequently at 

Fig. 7 Gear ratio and torque/inertia ratio. The Actual/ 

max. possible Torque/inertia ratio KR = 2p/(1 + p?), where 


P is the actual gear ratio VQ, where Q is the ratio of load 
inertia to motor inertia, each about their own axes 
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Fig. 8 Forward and reverse efficiences of gearing 


its maximum efficiency, or at speeds where it can give 
its maximum output, can be made without much change 
in the torque/inertia ratio. Fig. 7 gives a useful analysis 
of the effects of changes in the gear ratio. 

The best arrangement of gearing is not necessarily 
that which gives the minimum inertia. Stiffness and 
efficiency are usually the dominating factors. Every gear 
mesh involves some loss in both, and gear wheels 
should be as large as possible with pinions as small as 
possible, so as to have the smallest number of gear 
meshes. Only experience of good design can tell what 
kind of gearing and framework is needed for a good 
performance. There is not much guidance in industry, 
but modern machine tool design gives some help. Ex- 
perience soon builds up from tests of existing material. 
The gear wheels themselves are often the part needing 
least attention, as good experience is available. The 
major problem will be the structure as a whole, methods 
of securing gear wheels to shafts, bearings, and bear- 
ing supports. 

High efficiency gearing is essential with any inertia 
load, to deal with the free flow of energy between motor 
and load which accompanies any changes of speed. Lack 
of reversibility will result in rapid wear and poor per- 
formance. Worm and skew gears always have lower 
efficiencies and wider hysteresis loops than spur gears. 
They should never be used unless there is some special 
reason. The relationship between forward and reverse 
efficiency of gearing is worth study. Fig. 8 gives some 
useful figures, and there is a fairly complete analysis 


available in the literature. 
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These two analogous types of 
device have applications to many 


dynamic measuring instruments 


Piezoelectric 


ELECTRICAL TRANSDUCERS—8 








and magnetostrictive elements 


THE TERM * PIEZOELECTRIC’ IMPLIES BY ITS DERIVATION 
a relation between pressure and electrical effects. It is 
applied to materials in which pressure produces an 
electrical charge. The effect is reciprocal, so that if a 
charge is induced across a piece of material, it will 
distort as though pressure had been applied. A con- 
siderable number of materials exhibit this effect, prob- 
ably the best known being quartz. Most of these mater- 
ials are crystalline, but more recently a new range of 
materials has come into use—namely the ferroelectric 
ceramics. 

It will be convenient to include a description of mag- 
netostrictive devices, since these exhibit a relation be- 
tween dimensional and magnetic effects. 

Both piezoelectric and magnetostrictive transducers 
find many applications in instruments (chiefly ultra- 
sonic), but also in many other fields. 


Piezoelectric materials 

The most ubiquitous of the piezoelectric materials is 
quartz, which finds application in frequency and time 
standards because of its incomparable physical stability. 
Rochelle salt is much used in gramophone pick-ups 
owing to its high electromechanical coupling coefficient. 
Ammonium dihydrogen phosphate (a.d.p.) has been 
widely used in high-power ultrasonic transducers for 
underwater detectors. Ethylene diamine tartrate (e.d.t.) 
and dipotassium tartrate have been used in electro- 
mechanical filters at low radio frequencies. Many other 
crystalline materials exhibit the piezoelectric effect and 
are used in various applications. More recently the 
ferroelectric ceramic materials have been developed. 
Amongst these the most promising are barium titanate 
(already in wide use), lead zirconate and lead meta- 
niobate. 

The term ‘ferroelectric’ is a misleading one since 
these materials contain no iron. It is derived by analogy 
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between the properties of these materials and those of 
ferromagnetic materials. 

The domain theory of ferromagnetism visualizes 
ferromagnetic materials as being divided into a large 
number of ‘domains’ within each of which the mag- 
netic moments of all particles are aligned. In the un- 
magnetized state the domains are randomly orientated, 
and the application of a strong magnetic field causes 
reorientation of the domains or selective growth of 
favourably orientated domains until they are predom- 
inantly aligned in the same direction. The piece of 
material then behaves as a permanent magnet. The 
theory also explains the magnetic phenomena of satura- 
tion, remanence, hysteresis and coercive force. 

Analogous properties are found in the ferroelectric 
materials. The existence of domains within which there 
is a unidirectional electric polarization can be demon- 
strated. If such material is heated above its Curie point 
and allowed to cool under the influence of a strong 
polarizing potential, growth of favourably orientated 
domains can be observed. Ferroelectric materials ex- 
hibit hysteresis between polarization and applied volt- 
age, and permittivity is dependent upon frequency and 
field strength, just as permeability is a function of these 
factors in magnetic materials. 


Widely varying electromechanical properties 

The electrical and mechanical properties of piezo- 
electric materials are insufficient to define their electro- 
mechanical behaviour. With crystalline elements, the 
elastic modulus and dielectric constant vary depending 
along which of the major crystal axes they are meas- 
ured. That is to say, crystals are anisotropic. 

Two electromechanical coefficients are normally used 
to define the electromechanical properties, and these 
also will have a number of values—up to 18—depend- 
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ing on the direction of measurement relative to the 
principal crystal axis. 

The first of these constants, usually designated d, 
is the ratio of strain of the element to the applied elec- 
tric field. The second, g, relates to the ratio of the open- 
circuit voltage to the applied pressure. Both constants 
may appear with subscripts, e.g. dss, 23,, which denote 
the axes to which they refer. 

A further coefficient of the material is of impor- 
tance. This is the electromechanical coupling coefficient 
k. This constant is related to the piezoelectric constants 
and to the elastic modulus Y by the relation k= \/(dgY). 
The coupling coefficient is defined as the square root of 
the ratio of the energy stored in mechanical form to 
the total stored energy at a low frequency. 

The interaction between electrical and mechanical 
features of the transducer implies that its mechanical 
behaviour can influence its apparent electrical charac- 
teristics. Its equivalent electrical circuit is shown in Fig. 
la, in which C, represents the capacitance of the crystal 
itself when it is mechanically constrained, e.g. rigidly 
clamped. L, C and R represent in electrical terms the 
mechanical behaviour; L is dictated by inertial effects, 
C by compliance of the crystal, and R by internal fric- 
tional loss and energy dissipation in the load. Energy 
stored in C, is stored in electrical form, whereas energy 
stored mechanically may be considered to be stored in 
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C. At low frequencies the two capacitors C and C, are 
effectively in parallel across the input, and the stored 
energies are 4V°C, and 4V°C, respectively. The electro- 
mechanical coupling constant is then given by 

WC Cc Cc 


WC,44iV7C C4C Cy 
when C is very much smaller than C,, as is generally 
the case. 

The transducer can be seen from this circuit to ex- 
hibit two electrical resonances, one a parallel resonance 
and one a series resonance. The impedance as seen 
from the electrical terminals therefore varies with fre- 
quency, as shown in Fig. 1b. The information obtain- 
able from this graph can be used to determine k, since 
_7 Af 

4 f, 
where /\f is the difference between the series resonant 
frequency f, and the parallel resonant frequency f,. 

Table 1 gives the constants for a number of common 
piezoelectric materials. Note that the piezoelectric con- 
stants indicate voltage sensitivity of the materials and 
do not imply that the power efficiency of one material 
as an electromechanical transducer is greater than 
another. Since, however, in many applications the volt- 
age into or out of the transducer is of great importance 
the values of these three constants enable decisions to 
be made as to the most suitable material to employ in 
any given case. 


Magnetostriction 

If a rod of ferromagnetic material is brought into a 
magnetic field parallel to its axis, its length will change 
slightly. This change may be an expansion or a con- 
traction, depending on the nature of the material, its 
previous treatment, its temperature and the degree of 
magnetization. The effect is known as magnetostriction. 

Pronounced magnetostrictive effects are shown by 
iron, nickel and cobalt. Nickel shows the largest mag- 
netostrictive effect of the pure metals but even here 
the effect is small, amounting to about 40 parts per 
million. Fig. 2 shows the fractional change in length 
of several metals with varying field strength. Sintered 
ferrites also exhibit magnetostrictive effects, and are 
likely to come into increasing use. As with piezoelec- 
tricity a reciprocal effect, known as the Villari effect, is 
found. When stress is applied to the rod in a magnetic 
field, a change in magnetization occurs. 

There is, therefore, a considerable similarity between 
the piezoelectric and the magnetostrictive transducer; in 
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Fig. 3 Transducers made of laminated magnetostrictive 
material 


one there is a relation between dimension and electric 
field, and in the other between dimension and magnetic 
field. Since the magnetic field for a magnetostrictive 
transducer is provided electrically, the electromechan- 
ical behaviour of the two types of transducer are 
closely allied, although the ranges of applicability may 
differ. 






Types of application 

Piezoelectric transducers are not basically suited to 
static measurement. A charge, induced in the element 
face by the sudden application of pressure, immediately 
begins to leak away at a rate determined by the capa- 
citance of the element and the resistance between faces. 
Although most piezoelectric materials are reasonably 
good insulators, and some are very good, the time- 
constant (the product of capacitance and resistance) is 
usually small. Careful choice and preparation of ele- 
ments may result in a time-constant of a minute or two 
being achieved, but in practice the piezoelectric trans- 
ducer is used for dynamic measurement only. 

Two classes of dynamic operation may be considered 
—aperiodic and resonant. In gramophone pick-ups, 
crystal microphones and accelerometers non-resonant 
transducers are necessary, and careful design is required 
to avoid approaching resonance. In most ultrasonic 
applications, however, the element is operated in the 
resonant condition. 

Many of the ultrasonic applications are of interest to 
the control engineer; examples are viscometry, thick- 
ness gauging, flaw detection, level detection, consistency 
determination and flow metering. Applications not 
having direct concern with measurement and control 
include emulsification, cleaning, soldering, drilling and 
echo-sounding. 


The resonant transducer 

Crystals are normally operated at resonance since the 
amplitude of oscillation for a given excitation is much 
greater at resonance than away from it. The free crystal 
will resonate mechanically at the frequency at which 


Fig. 4 The mounting of an ultrasonic crystal radiating into 

a liquid depends on whether the crystal and liquid can 

safely be brought into contact. Three methods of mounting 
are shown here 
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the appropriate dimension ¢ is one half-wavelength or 
odd multiples of one half-wavelength, 






’ (2n —1)A 
Le. f = — _ where n is integral. 


But A = c/f, where c is the velocity of propagation of 
sound in the crystal. Therefore the resonant frequency 
= c(2n - 1)/2t. 

Usually n is 1, and the crystal resonates at its funda- 
mental frequency, in which case f, = c/2t. From this is 
derived the frequency constant c/2t, which is often 
quoted for piezoelectric materials. 

When very high frequencies are required, the crystal 
plate may become too thin to be practical. It may then 
be more feasible to use a thicker crystal oscillating in a 
higher mode. 





Fig. 5 A 5-Mc/s 
shear-mode quartz 
crystal cemented to 
a prism producing | 
an ultrasonic beam |_ 
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In considering the velocity of propagation of sound, 
we must differentiate between two types of wave. For 
longitudinal or compressional waves the direction of 
particle motion is the same as the direction of propa- 
gation, while for shear waves the particle motion is 
normal to the direction of propagation. 

The velocity of longitudinal sound waves c, is given 
by the relation 


dE acta 
° TF oi aa 


where E is Young’s modulus, o is Poisson’s ratio and 
p is density. This value, however, applies to the mater- 
ial in bulk. A long bar whose diameter is of the order 
of half a wavelength or less will have a sound propaga- 


tion velocity 
mo J ; 
—. sar 
p 


The velocity of propagation of shear waves c, is given 
by 
G 
c= |/— 
p 
where G is the shear modulus. The value of c, is gen- 
erally about half that of c;. 


Quartz and barium titanate 

The velocity of sound of longitudinal waves in the 
X-axis direction in quartz is 5°75 < 10* m/s. The thick- 
ness of a 1 Mc/s X-cut crystal will therefore be 
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t = (S75 «x 10° x 10°)/(2 x 10°%mm = 2°87 mm. 
The velocity of shear waves in quartz is lower, and a 
Y-cut crystal oscillating in shear at | Mc/s would be 
2 mm thick. 

The velocity of sound in barium titanate is a little 
less than that in quartz (5°5 x 10° m/s against 5°75 x 
10° m/s) and elements of this material are proportion- 
ately thinner at a given frequency. The dielectric con- 
stant of barium titanate is, however, very much greater 
than that of quartz—about 1000 as against 4°5. The 
value of C, in Fig. | is very high for a barium titanate 
element; for example a 2-cm-diameter disk resonant at 
2 Mc/s has a capacitance of about 1200 pF. Since the 
thickness of the element decreases with increase of 
resonant frequency, and the capacitance correspond- 
ingly increases, it becomes increasingly difficult to drive 
the barium titanate element at high frequencies. The 
corresponding quartz element would have a capacitance 
of about 50 pF, but on the other hand its dynamic im- 
pedance is very high. 

The choice of the most suitable piezoelectric material 
is dictated by considerations of frequency of operation, 
temperature and acceptable impedance limits. Ultra- 
sonic measurements have been made as high as 500 
Mc/s, but in most practical applications are below 15 
Mc/s, at which frequency quartz is most often used. 


Magnetostrictive transducers are useful at lower 
frequencies 

Since magnetostrictive transducers depend upon the 
generation of fairly intense magnetic fields for their 
operation they find their application at the lower fre- 
quencies where such fields can more readily be pro- 
duced. Such transducers are very robust and can handle 
large powers. Powers of several kilowatts can be em- 
ployed at frequencies up to several hundreds of kilo- 
cycles per second. 

Typical magnetostrictive transducers are shown in 
Fig. 3. They are constructed from laminations of a 
suitable magnetostrictive material, and the dimensions 
are chosen to obtain the desired resonant frequency. 
The adoption of a laminated construction reduces eddy 
current losses. 

The Q-factor of resonant transducers depends upon 
the mechanical loading imposed upon the radiating 
face. A quartz crystal suspended in vacuum may have 
a Q of many thousands. When loaded with water on 
both faces Q drops to the region of 10, and when 
loaded with quartz or mercury falls further to the 
region 1-2. 


Fig. 6 An exploded view of a 1I-Mc/s ultrasonic transducer 
designed to operate in water 


Resonont insulating input 
front plate bockspecer connector 












Fig. 7 Typical piezoelectric accelerometers 


Mounting the crystal 

The method of mounting the crystal depends greatly 
on the application. Quartz crystals used for frequency 
control are carefully suspended in vacuum (where pos- 
sible at nodal points) to avoid constraint. In most 
applications, however, it is required to couple the crys- 
tal to some other solid or liquid medium. 

Where the crystal is required to radiate into a solid, 
it is usually cemented directly to it. Alternatively, a 
liquid film may be interposed between the crystal and 
the solid, spring pressure retaining the crystal in con- 
tact with the solid. Oil films are widely used to ensure 
good acoustic contact. Where a cement layer is used, 
it should be as thin as possible, and the cement should 
preferably be of a solventless type (e.g. a thermosetting 
resin) since the evaporation of the solvent may leave 
voids. 

When working into a liquid in which it is permissible 
to immerse the crystal face, an arrangement such as 
that shown in Fig. 4a is possible. Where the crystal 
cannot come into contact with the liquid because of 
corrosive or other deleterious effects, a barrier may be 
interposed. A thin metallic membrane can be used 
(Fig. 4b), provided its thickness is very small compared 
with the wavelength of sound in the material. The 
space “between membrane and crystal is filled with a 
suitable liquid. Alternatively a metallic barrier whose 
thickness is an integral number of half-wavelengths may 
be used, with the crystal cemented to the rear face 
(Fig. 4c). Figs. 5 and 6 show two forms of crystal 
mounting for use in ultrasonic transducers. 

When it is required to ensure that the crystal should 
be damped as heavily as possible a damping load is 
sometimes used as a backing to the crystal. Various 
designs for such damping loads have been produced. 
For example, an epoxy resin loaded with fine tungsten 
powder provides a good damping load for barium titan- 
ate crystals. 


Aperiodic transducers 

Applications in which it is required that the trans- 
ducer should not preferentially detect signals of one 
particular frequency, but should be equally responsive 
to stimuli over a wide frequency band, include acceler- 
ometers, gramophone pick-ups and crystal microphones. 
In such cases the transducer must operate away from 
its resonant frequency. 

Typical accelerometers are shown in Fig. 7. The 
piezoelectric crystal is mounted on a base-plate which 
can be attached to the body whose acceleration is to be 
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measured. The other face of the crystal is loaded with 
a mass whose function is to provide inertial loading of 
the crystal. 

When the inertial mass comes into quarter-wave res- 
onance the accelerometer output gives a peak reading. 
It must therefore be operated well below this fre- 
quency. As there is inevitably considerable coupling 


Fig. 8 With a 
double - integration 
circuit of this kind 
an accelerometer 
input can measure dis- 
placement 





Output 


between longitudinal and lateral modes, the cross- 
sectional dimensions must also be such that they are 
well removed from resonance in the operating band. 

Since acceleration is the second differential of dis- 
placement, accelerometers can be used to measure dis- 
placement by performing the appropriate integrations 
of the output. By proper choice of values for R and 
C, the basic circuit of Fig. 8 can be adapted to indicate 
displacement over limited frequency ranges. Velocity 
can likewise be obtained by using a single stage of in- 
tegration. 

The output of the barium titanate accelerometers in 
Fig. 7 is about 15 mV/g, where g is the acceleration due 
to gravity, over the frequency range 20~20,000 c/s. 

In crystal microphones and crystal pick-ups a type of 
element known as the bimorph is used. This consists of 
two thin piezoelectric elements cemented together as 
shown in Fig. 9. If a bending moment is applied as 
shown, the upper crystal is in tension and the lower 
crystal is in compression. Charges of appropriate polar- 


Bending force 


Fig. 9 The bimorph 
—here shown sub- 
ject to a bending 
moment—is used in 


crystal microphones 
and pick-ups 






Twisting 
force 
Bimorph 


ity are developed on the crystal faces. If the two ele- 
ments are of opposite polarity, a potential will appear 
between the faces on the application of the bending 
moment. 

Bimorphs are also used in a torsion mode and 
because of the much higher compliance that can be 
achieved in this mode of operation these twister bi- 
morphs are widely used in gramophone pick-ups. In 
crystal microphones a diaphragm is coupled to the bi- 
morph. Rochelle salt and barium titanate are probably 
the materials most widely used in these applications. 





Information st 

The hysteresis displayed by ferroelectric materials 
may be employed for information storage. The polariz- 
ation applied-voltage curve exhibits hysteresis as Fig. 
10 shows for a single crystal of barium titanate. These 
crystals are very small and a considerable number can 
be assembled very compactly to form a binary store. 

The operation of such a store is very similar to that 
of a magnetic store. The object is to store one of two 
bits of information, representing the digits 0 and 1, 
and to be able to read out which digit has been stored. 
In the absence of applied voltage, it will be seen from 
Fig. 10 that there are two possible states of polarization 
marked 0 and 1. The state of the crystal at any time 
will depend on its immediate past history. Suppose a 
positive storage pulse has been applied. Provided the 
pulse has exceeded the saturation level in the positive 
direction, the state of polarization after the pulse has 
ceased is that labelled 0. A 0 digit has now been 
stored. When reading out from the store a reading 
pulse of positive polarity is applied. The crystal is taken 
into saturation in the positive direction once more, and 






Polarization 


Fig. 10 Hysteresis 
of a single crystal 


of barium titanate Applied voltage 


returns to state 0. During this time a small current 
pulse flows. 

Suppose, however, that a negative pulse is applied, 
taking the crystal round the hysteresis loop to satura- 
tion in the negative direction. After the removal of the 
pulse, the polarization will remain in state 1, storing 
the digit 1. When the positive reading pulse is applied 
this time, the crystal traverses the loop in the positive 
direction and returns to state 0. This change of polariz- 
ation is accompanied by a much larger current pulse. 
Thus the reading pulse distinguishes the two states of 
the crystal. In the process of reading out, the stored 
information is, of course, removed and further circuits 
are required to replace it if this is needed. The access 
time of such store need only be of the order of 10 us, 
and the power consumption is considerably less than 
for ferrite stores. 


Conclusion 

Piezoelectric and magnetostrictive transducers are 
used in a wide variety of applications, each of which 
requires different characteristics in the transducers 
themselves. In the space available it has only been pos- 
sible to give a brief survey of the subject, on which there 
exists a great deal of detailed literature for those who 
have specific transducer requirements. 
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Graphical 


THIS DATA SHEET PRESENTS A BRIEF 
outline of the use of the Nyquist 
diagram when gain adjustment and 
series compensation procedures are 
to be used to obtain a desired sys- 
tem response. 


Gain adjustment: use of M circles 
Fig. 1 shows the basic M circle 
relationships, where OB is drawn 
tangentially to the circle. Clearly 
o = sin-*(1/M) where M = | 6,/6; | 
To adjust gain for a specific M 
value the following procedure is 
adopted 
a. Plot open loop locus KG(jw) 
for unity gain (K = 1), as in 
Fig. 2. 
b. Draw line OA of slope 9 = 
sin"(1/M) using the graph of 
Fig. 3 to determine o. 
c. By trial draw the M circle on 
the negative real axis which is 
tangential to the line OA and the 
G(jo) locus. 
d. Draw a straight line from the 
point of tangency of the M circle 
and line OA to meet the nega- 
tive weal axis perpendicularly at 
B. Then the correct gain for the 
prescribed condition is K’=1/OB 
and the necessary gain change 
can now be assessed with respect 
to the original gain. The point 
of contact of the M circle with 
the G(jw) locus gives the reson- 
ance frequency w,. This should be 
compared with the requisite value 
and if unacceptable further M 
values can be assigned. Should 
this not be permissible gain ad- 
justment must be replaced by a 
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N. G. MEADOWS 
Wimbledon Technical College 


phase compensation procedure. Series compensation 

Recourse may be had either to If two elements of a system do 
series or parallel compensation not impose mutual loadings when 
methods. connected in cascade, the overall 


Portion 
of Mcircle 


M circle 





Fig. 1 M circle relationships Fig. 2 Assessment of gain value of 
specified M value 


Fig. 3 Angular inclination @ of line OA for varying 
M values. Note: @ is measured counter-clockwise 
from the negative real axis 





transfer function of the cascaded 
elements is the product of the 
separate transfer functions. If these 
are respectively AF(jw) and KG(jw), 
at any one frequency w, these will 
reduce to expressions of the form 
Rit: Reits with a pro- 
duct value of R, R,ei(¢1 + $2). Hence 
to compound Nyquist loci vector 
magnitudes for corresponding » 
values on the separate loci are mul- 
tiplied and respective phase angles 
added ; the procedure is illustrated 
in Fig. 4. The open loop frequency 
response loci for a d.c. split-field 
motor and a phase advance net- 
work are shown. It is proposed to 
use the motor in a position control 
scheme and a reduction in gain is 
rejected as imposing unwarranted 
restrictions on transient response 
and velocity lag. The uncompen- 
sated phase margin is 34°, and 
from Fig. 3 of Data Sheet 8 (/) 
the associated damping ratio ¢ is 
about 0-3, indicating a highly oscil- 
latory response. The effect of the 
phase advance network is consi- 
dered by compounding the two 
loci. One point on the composite 
locus is shown at a frequency o, 
such that OC = OA. OB. Using the 
vector product procedure outlined 
the complete locus @,/e is as 
shown. The d.c. attenuation of 0-2 
for the phase advance network is 
offset by increasing amplifier gain 
by a factor of 5, this effect being 
most readily considered by rescaling 
the —1 point as the point —5, so 
that —0-2 units of the original scale 
of A’ becomes the —1 point for 
the compensated locus. The phase 
margin is now approximately 68° 
giving ¢ 0-76, with a less oscilla- 
tory response. This procedure will 
not necessarily give optimum per- 
formance, further trial assessments 
with varying A, and other gain 
values, in conjunction with the use 
of M circles, may be necessary. To 
facilitate rapid drawing of M and 
N circles, graphs giving X and Y 
coordinates are plotted in Figs. 5 
and 6. A more detailed procedure 
for the design of phase advance 
networks will be described in a 
later data sheet on Bode diagrams. 
In the next data sheet the use of 
inverse Nyquist plots, parallel com- 
pensation and multi-loop systems 
will be discussed. 


Reference : 

1. Dudgeon, D. R.: ‘ Data Sheet 8. Estimating 
damping ratio for frequency response * CON- 
Trot, 1959, 8, p 79 
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SPLIT-FIELD MOTOR COMPENSATION NETWORK 


Cy, 


Rs 7 % 
7g constant 


R, 


All +jwT;) 
K, An (1+jwA,T;) 


a, = CR, 


joGwT + 1 MiwT, + 1) 
motor shaft torque/field current 


Fig. 4 Compounding of loci: series 
compensation using phase advance 
network 


Fig. 5 Graph for locating x-coordinates and 
radii of M circles 
Note: y-coordinate is zero 


Fig. 6 Graph for locating y-coordinates and radii 
of N circles. 
Note: x-coordinate is —0°5 
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Arthur Hillier, who retired as Chair- 
man and MD of Sperry Gyroscope at 
the end of July, was with the company 
for 43 years, 21 of them as Chairman. I 
asked Sperry whether their MD, Robert 
Broadbent, would succeed Hillier as 
Chairman, but they were very cagey. 
However, it would appear to be a likely 
possibility. Broadbent joined Sperry as 
Works Manager in 1943, was appointed 
General Manager shortly after and be- 
came a Director in 1947. 





BROADBENT REEKIE 
heir apparent executor 


They appear to have been tying up a 
few loose ends at Semiconductors Ltd., 
the transistor firm at Swindon, which is 
controlled by Plessey who own 51% of 
the company. The American Philco Corp. 
own the other 49%. An Executive Board 
has been formed consisting mainly of 
members of the existing Semiconductor 
senior management. J. Reekie is Execu- 
tive Director and General Manager, 
C. H. Noton is Commercial Executive 
Director and E. E, Webster, who is Cen- 
tral Production Executive of Plessey’s 
Swindon Group, is also an Executive 
Director of Semiconductors. The Execu- 
tive Board is responsible to Plessey 
Director A. E. Underwood of the Swin- 
don Group. 


Hearing that Technograph Electronic 
Products, the printed circuit people, have 
appointed L. C. Smith Sales Manager, I 
asked him about the market for printed 
circuits in the control and instrument 
field. He said that ‘ the growing trend for 
electrical control and instrument manu- 
facturers to use the newer and more ad- 
vanced techniques is most noticeable. 
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by Staffman 


They appreciate that the availability of 
printed resistors and inductors, and 
plated-through and double-sided printed 
circuits, means that their products can 
be more reliable, smaller and more eco- 
nomical to manufacture.’ P. Bartlett has 
taken over from Smith as Technograph’s 
Technical Sales Representative. 


H. G. Stern, who has just been 
appointed to the Londex Board, tells me 
that there is an ever increasing demand 
for pressure, level and other automatic 
controls, and that, although it is an 
industry-wide demand, ‘Londex are 
handling a gratifying proportion of this 
increased market.’ He stressed the neces- 
sity for reliability, pointing out that this 
is becoming vital as systems grow more 
complex. 


I was interested to learn that Wire- 
pots have been acquired by the American 
concern General Controls and are trad- 
ing under that name from a few factory 
in Basildon. General Controls is a large 
organization of 10 divisions and 50-odd 
sales offices in North America, and sub- 
sidiaries in Switzerland and Germany. 
The British company will continue under 
the present management, R. Cramp being 
in charge of Sales and C, May in charge 
of Production. Apart from the existing 
Wirepots range, they will manufacture 
single-turn precision rotary potentio- 
meters, helical and rectilinear potentio- 
meters and, at a later date, controls for 
industrial gas and oil heating, and sole- 
noid valves. 


The sufferer in my heading illustration 
is L, J. Evans, MD of Technicon Instru- 
ments Co. Ltd., British subsidiary of the 
American firm Technicon International. 
Evans was a volunteer patient at Guy’s 
Hospital for an experiment, under Prof. 
W. J. H. Butterfield, which entailed the 
use of the Technicon ‘Autoanalyzer’ for 
continuously analysing and recording the 
blood sugar level from an artery and vein 
in his forearm. The idea was to measure 
the difference in blood sugar level be- 
tween the arterial and venous streams 
after insulin had been injected into the 








- ae 


BUTTERFIELD EVANS 
sang-froid 


latter. A single Autoanalyzer was used 
initially, but this entailed passing arterial 
and venous flows through the instrument 
alternately. The experiment was repeated 
using two Autoanalyzers, and a 44-hour 
record of blood sugar in the artery and 
the vein was obtained. 

Technicon have appointed A, G. J. 
Buckle (ex-Chief Chemist of BICC’s 
Helsby Division) Technical Director. 


Mr. J. N. Toothill, a director of Fer- 
ranti, told me something of the prob- 
lems of educating British industrialists 
in the potential savings to be made by 
fitting numerical control on machine 
tools. ‘It is difficult to find anyone in 
British industry who understands,’ he 
said, and he made the interesting point 
that the small firm with its directors 
in touch with the shop floor is usually 
more appreciative of the new techniques 
than the large firm—though it often has 
not the capital available to afford them. 
Toothill said that Ferranti have sunk 
£500,000 in their machine tool develop- 
ment in the last eight years. He added, 
‘There is not a chance of getting the 
money back’. 





TOOTHILL LEY 
misunderstood salesman 


M. H. Ley, whom Westool Ltd., of 
St. Helen’s Auckland have appointed 
Sales Manager, was Manager of ST & 
C’s_ Rectifier Equipment Engineering 
Department, where he was responsible for 
both the design and sales of all recti- 
fier equipment. Ley was with Ferranti 
prior to joining ST & C in 1939 and, 
apart from a two-year stint with West- 
inghouse Brake and Signal, remained with 
ST & C until he joined Westool. 












































..--to Speed 


A d.c. tachometer generator 

E. M. DUNSTAN, Manchester University 
In conventional d.c. tachometers a 
system of conductors is rotated in a 
d.c. magnetic field, and the e.m.f’s in- 
duced in the conductors are syn- 
chronously rectified by a commutator 
and pick-off brushes. The output e.m.f. 
then has a d.c. component which can 
be made proportional to the speed of 
rotation. 

Such devices can achieve a high 
degree of linearity in the speed range 
50-3000 rev/min, but suffer from the 
disadvantage that a commutator ripple 
is generated which is of the order of 
3% of the generator output, and whose 
frequency is proportional to the rotor 
speed. Such ripple can prove embar- 
rassing unless it can be removed by 
suitable smoothing. At the lower 
speeds, however, the large time con- 
stant used for smoothing results in an 
increase of response time of the asso- 
ciated servo which is often undesir- 
able. For example, if the speed of the 
output shaft of a reduction gearbox 
has to be servoed and the tachometer 
is coupled to the output shaft. 

In the new tachometer the moving 
conductors are connected together at 
either end so that the e.m.f’s generated 
cause currents to flow which in turn 
produce a d.c. magnetic field. (In par- 
ticular the conductor system could 
consist of a hollow conducting cylin- 
der.) This field can be made propor- 
tional to the speed of rotation and is 
measured by a sensitive magnetic field 
detector (second harmonic flux gate). 


Operation 

The principle of operation can be 
better understood by reference to 
Fig. 1, which shows a cylindrical con- 
ducting rotor placed in a magnetic 
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field H,. Rotation of the rotor in this 
primary magnetic field causes currents 
to flow in the rotor which produce a 
field with a component H at 90° to 
H 


o* 


Neglecting second order effects and 
assuming that the conductivity of the rotor 
material is constant, then: 

H=kwood, | 
where w is the angular velocity of the 
rotor, o is the conductivity of the rotor 
material and k is a constant relating to 
the geometry of the rotor. 


In operation, the magnetic field set 
up by the rotor currents is balanced 
by that of a current in the feedback 


Fig. 1 The movement of the rotor 
produces a field at right-angles to H, 


Feedback Rotor 
windings 





Magnetic flux 
detector 


windings, arranged so that the current 
distribution is similar to that in the 
rotor. This current can be used as a 
direct indication of rotor speed. 

The magnetic flux detector is used 
as a null indicator and, in conjunction 
with a suitable feedback system, main- 
tains the equality of the two fields. 


Sources of error 
The use of the above technique 
leads to three main sources of error. 


1. Zero error 

This results from the presence of 
stray d.c. magnetic fields near the de- 
tector which will cause a current 
to flow in the feedback winding, to 
annul the stray fields, even when the 


cylinder is stationary. These may be 
due to: 
a. Malorientation of the detector 
head with respect to the primary 
field H,. Ideally, the head should 
pick up zero net leakage flux when 
properly positioned, but local heat- 
ing of the detector caused by the 
modulation current distorts its geo- 
metry and can result in a net flux 
linkage. 
b. Fields due to the proximity of 
magnetized objects, or in the limit 
the Earth’s magnetic field. 
This error can be reduced by careful 
design of the detector, magnetic 
screening in the vicinity of the head 
and by locating the head as far as 
practicable from the primary field H,. 


2. Errors due to changes of conduc- 
tivity of the rotor material resulting 
from changes of temperature. 

Such changes cause the constant of 
proportionality between H and w in 
eq. (1) to alter. 

The changes of temperature are of 
two types: changes of ambient tem- 
perature which cause a change of cali- 
bration of the tachometer, or, changes 
of rotor temperature relative to the 
ambient caused by the heating effect 
of the circulating currents. These in- 
troduce a linearity error which results 
in a smaller output than expected at 
higher speeds. 


3. Frequency effects in rotor bars 

Although the net result of rotor 
rotation is a d.c. magnetic field at 
90° to H,, the current in any one 
rotor bar varies over one revolution, 
the main frequency component being: 
f,=rotor speed in rev/sec. The alter- 
nating nature of the rotor bar cur- 
rents produces departures from linear- 
ity (decrease of output/rev/min) at 
high speeds due to: 
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a. The impedance of a rotor bar is 
not purely resistive, so that if the 
frequency of rotor currents becomes 
too high, the current and the field 
generated will be smaller than ex- 
pected. 

b. A second result of the complex 
impedance of the rotor circuit is a 
slight rotation of the d.c. field H 
in the direction of rotation so that 
the component of this field at 90° 
to H, is reduced. 

It should be noted that this ‘ skew- 
ing’ of the d.c. field direction re- 
verses with the direction of rotation 
of the rotor so that unless the field 
from the feedback windings is sym- 
metrically disposed, the tachometer 
calibration will be a function of 


can 
spe 7/7, 










Copper 


Fig. 2 The physical layout of an ex- 
perimental prototype constructed at 
Manchester University 


direction of rotation at the higher 

speeds. 

Tests on the experimental tacho- 

meter have shown that this effect 

becomes important at speeds of the 
order of 100 rev/min. 

c. The effective resistance of the 

rotor bars is a function of frequency 

due to eddy current effects. 

As a general conclusion, to keep 
frequency effects small, the thickness 
of the rotor bars should be reduced 
to reduce eddy current losses, and the 
rotor diameter minimized to keep the 
inductance of the rotor assembly low. 
These requirements result in a reduc- 
tion of generator output /rev/min, and 
therefore the value of stray field = 1 
rev/min, i.e., increases the value of the 
lowest measurable speed. 


Fig. 3 The actual prototype 
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These three types of error form the 
boundary limits on the range of speeds 
which can be measured by the tacho- 
meter. 


Experimental prototype 

In an experimental prototype con- 
structed at Manchester University, the 
zero error is better than 0°02 rev/min 
over a period of 8h, whilst the 
linearity error is less than 0°02% up to 
a speed of 100 rev/min where rotor 
heating and frequency effects begin to 
be important. These figures show that 
the device is capable of covering a 
wide speed range of linearity at speeds 
of the order of 100 rev/min or less. 

Fig. 2 illustrates the physical layout 
of the experimental prototype and the 
complete device is shown in the photo- 
graph (Fig. 3). It can be seen that the 
detector is well removed from the 
primary field as suggested earlier. This 
necessitates a long slotted rotor to 
force the induced currents into the 
vicinity of the detector head. 


Comparison with other tachometers 

As was mentioned in the introduc- 
tion, commutator ripple in conven- 
tional d.c. tachometers can prove em- 
barrassing at low speeds due to the 
long time constant required for 
smoothing. 

Methods of removing this time con- 
stant exist, which involve the addi- 
tion of the amplified output of an 
accelerometer to the d.c. tachometer 
output before smoothing.* 


Thus if the tachometer output is v, = 
k,w; and the amplified accelerometer out- 
put is v, = (Ak,). pw 

kw + Ak, pw 


(1 + pT,) 
where 7, is the smoothing time constant. 


( =) 
© ls.auman 
— k, 


1+ T,p 
i.e. when T, = Ak,/k, there is no effec- 
tive lag introduced. 


Then Y= 


i.e. a 


This method, however, is unsuitable 
for low speeds as the gain (A) in- 
volved becomes large and provision of 
adequate low frequency response in 
the amplifier results in noise due to 
rapid drifts. 

In the brushless d.c. tachometer, 
commutator ripple is absent and the 
slot ripple very small, so that negligible 
smoothing should be necessary. This 
represent a considerable advantage 
over the commutator machine. 

The tachometer can be adapted to 
measure low speeds in the range 0-01- 
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10 rev/min. This is made possible by 
increasing the thickness of the rotor 
and by modifying the primary magne- 
tic field structure, to increase the rotor 
current per rev/min by a factor of 10. 
This means that speeds of 10 rev/min. 
can be measured to 002%. 

It must be remembered that under 
these conditions, rotor heating sets the 
upper speed limit at approximately 10 
rev/min. 

This performance must be compared 
with that of a counter type tacho- 
meter. In this case a definite sampling 
time is necessary to ascertain the 
speed, as opposed to the continuous 
indication provided by the brushless 
tachometer. Being a digital device, the 
counter type machine can attain very 
high accuracies only, if either the 
sampling period is long enough or the 
count per revolution is large enough. 
For example, if the sampling period is 
2 sec, a count of 15,000/rev is neces- 
sary in order to determine a speed of 
10 rpm to an accuracy of 0°02%. 

* West, J. C.: ‘ Tachometer noise reduction: the 


use of auxiliary accelerometer,’ Elec. Radio Engr., 
1957, Vol 34, 9 (Sept), pp 342-4. 


-..to FLOW 
Control valve for high pressures 
Pressures and temperatures are being 
continually forced up in the develop- 
ment of new processes. To cater for 
this trend new valves are needed, and a 
recent example is Wee Willie (Fig. 4). 
This valve is suitable for working pres- 
sures of up to 50,000 Ib/in.*. Origin- 
ally designed in America some years 


ago, it is now being manufactured in 
the UK. 





Fig. 4 The valve itself is on the right 
with the Domotor operator on top 


The inlet pressure is directly con- 
nected to the valve seat ring which 
reduces the distortion in the valve 
body itself. The stroke of the valve 
is variable from a minimum of 0-010 
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in. to a maximum of 0°150in., the 
operating force on the valve being 
12,000 Ib at the shortest setting and 
2000 Ib at the longest. 

The force from the cylinder oper- 
ator is amplified by the mechanism 
shown in Fig. 5. The gain is varied 
by moving the shoe along the run. 
Lost motion is eliminated by spring 
loading the operating parts (spring not 
shown in Fig. 5). The control valve 
is easily made reversible by turning 
over the shoe in its slide. 

The hard valve stem is superfinished 
and passes through a special packing 
assembly which includes a combina- 
tion Teflon ‘0° ring. Positive sealing 
is obtained at 30,000lb/in* with a 
minimum friction factor. The input 
pressure rating is from vacuum to 


(Demeter) 


ar beerings 


Fig. 5 A sketch of Wee Willie 


50,000 Ib/in? and the outlet from 
vacuum to 30,000 lb/in*. With a nor- 
malizing fin the temperature range is 
from — 300°F to 1200°F. 

The valve has a water C,, range of 
0-000 000 1 to 0-1. The conventional 
open orifice valve seat and plug is not 
generally applicable to high pressure 
drop and flow rate, due to resultant 
high velocity, small area, lack of 
strength and limited rangeability. Each 
of the Flo-Mike valve seats is rated 
at a C,, rangeability of 1000 to 1 and 
by substitution of 1 of 2 Flo-Mike 
seat units a valve rangeability of 
100,000 to 1 or 1,000,000 to 1 is ob- 
tained. By changing the stroke range 
to correspond with the desired maxi- 
mum C,,, the same degree of plug posi- 
tioning accuracy is obtained to assure 
precise flaw control. 


This time has been greatly reduced in 
an automatic plant which has been 
recently exhibited by A. M. Lock & 
Co. Ltd. 

The effluent passes through a reac- 
tion tank where an appropriate re- 
agent, such as chlorine or sulphur di- 
oxide, is added. The state of the reac- 
tion is monitored by an electrochemi- 
cal detector. This, together with a con- 
troller, regulates the addition of re- 
agent at a rate required to give com- 
plete detoxication without over-dos- 
ing. 

Controllers are used to keep the 
pH of the effluent within the required 
limits (below 2:5 for chromium and 
above 10-5 for cyanide) for the appro- 
priate treatment, and further pH con- 
trollers are used for the automatic 
neutralization of the effluent before it 
passes into the drains or rivers. 


.--fo DENSITY 


A useful recorder 


There are not many pieces of equip- 
ment on the market which are suit- 
able for recording the density of a 
continuously flowing stream of liquid. 
A recent one, which has come from 
the Continent, is the Pochan-Francel 
densimeter. It does not give a continu- 
ous reading of the density, but mea- 
sures a batch automatically every few 
minutes, and records the value. This 
renders it impractical for use in pro- 
cesses with short time constants. 


Fig. 6 
The Pochan-Francel densimeter 


The construction and working of the 
densimeter can be seen from Fig. 6. 
The liquid to be measured passes 
through valve S, to the test tube E,, 
in which the level is detected by the 
tubes N, and N., and the valve S, is 
closed when the level reaches an appro- 
priate position. After a short stabiliz- 
ing period the valve S, is opened and 
the liquid drains away. When the tube 
E, is empty the valve S, is re-opened, 
S. is closed, and a new cycle starts. The 
period of the cycle varies from 2-7 
min. 

The test fluid is compared to that 
of a reference liquid by a beam, from 
which floats are suspended. A chain 
is attached from one end of the beam 
to a fixed point. The difference in the 
densities of the two liquids is propor- 
tional to the sine of the beam’s angu- 
lar displacement from the horizontal. 
This relation is only accurate if the 
two liquids are exactly at the refer- 
ence temperature. The maintenance of 
the liquids at the reference temperature 
is carried out by heating jackets T, 
and T,. The heating fluid is between 
10 and 20°C. 

The cam R is designed so that the 
modulation of the pneumatic pres- 
sure, which actuates the recorder, is 
proportional to the difference in den- 
sities. When it is desired to measure 
large specific gravity differences 
weights can be added to the beam, 
which thus avoids changing the refer- 
ence liquid or the chain counterweight. 

The densimeter is supplied in the 
UK by Hunt and Mitton Ltd. 


Modulated pneumatic 
pressure 
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Wee Willie is further described in 
New for Control this month. 
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eee to ANALYSIS 
Automatic control of effluents 


The detoxication and pH neutraliza- 
tion of cyanide and chromium bear- 
ing effluents may require up to an 
hour's reaction time in some systems. 
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Heating Reference 
Liquid under fluid tiquid 
consideration 
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..- to SERVOS 


An introduction to hydraulic servo 
valves—1 


R. HADEKEL, Engineering Consultant, Sperry 
Gyroscope Co. Lid. 


This series of articles is addressed to engin- 
eers who are conversant with servo tech- 
niques in general, and who wish to acquire 
specialized information on hydraulic servo 


techniques. The first part deals with one of ™ 


the keys to these techniques—the servo valve 


Thc servo valve as a black box 


Oil supply 





Oil return 














Pp, 
Pressure differentia! 


Fig. 1 The basic servo valve 


Disregarding the input side, the valve 
provides a flow q to a load (jack or 
hydraulic motor). The return flow q’ 
from the load is not necessarily equal 
to q, but this point may be disregarded 
for discussion purposes. Most valves 
are best regarded as sources of flow 
rather than of pressure, although in 
fact the two are interrelated. 


The main input schemes 







Feedback 







Input to loop | 


Fig. 2a An electrical input to a valve 


Fig. 2b A mechanical input to a valve 


Mechanical 
feedback 





Mechanical 
input to loop 
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Mechanical 
input to loop 


Mechanical 
input to loop Valve 





> 
Anchor Fixed Moving Output 
point piston rod cylinder 


c 


Fig. 2c A mechanical input with differ- 
ential action inherent in the mounting 


on... 





















feedback 
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Fig. 2d Force differential input 


Force devices (schemes 2d and 2e) 
depend on the fact that valve move- 
ment is small in relation to loop input 
and output movements. Scheme 2e is 
used in many process control actua- 
tors. Schemes 2b, c (more often c) are 
found particularly on power steering, 
aircraft flying controls, and copying 
machine tools. Scheme 2a represents 
the most flexible arrangement, and 


Fig. 2e An electrical input and mech- 
anical (force) feedback 


Spring , 












Torquemotor 













Electrical 
input to loop 


Input to valve 


corresponds to the most usual general- 
purpose hydraulic servo valve, lending 
itself to any type of control loop 
(schemes 2b, c, d, are limited to posi- 
tion servos and to loop inputs presen- 
ted in mechanical form; scheme 2e is 
limited to servos requiring position as 
an output). 


In all cases, the input to the valve 
proper must eventually appear in 
mechanical form. The general-purpose 
electrohydraulic servo valve corres- 
ponding to scheme 2a may then be 
broken down as in Fig. 3. 


Electrical 





Mechanical 


Mechanical 
feedback 
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motor , 
Mechanical 
input to output 


vaive 


Valve output 
to load 


Fig. 3 The valve scheme 2a may be 
broken down to this 








The rest of the articles will be devo- 
ted to valves of the above type. Com- 
mercial servo valves embody the valve 
proper and the torque motor in a 
single unit. 


Torquemotors 

Torquemotors for driving servo 
valves are transducers which trans- 
form an electrical input into a mech- 
anical motion and force, and are 
therefore essentially similar to electri- 
cal meter or loudspeaker movements. 
Work output requirements are very 
much higher however, say up to about 
1000 g-cm or more, depending on the 
type of valve. Frequency response re- 
quirements are far less than for loud- 
speakers, frequencies above 300 c/s sel- 
dom being of interest, while most 
valves have a useful range up to about 
100 to 150 c/s. Due to the fact that the 
device works in a loop, high accuracy 
is seldom looked for (3% hysteresis 
and 10% or more non-linearity would 
not usually have any serious effect). 

Power inputs vary widely according 
to the type of valve to be operated, 
and are typically 50-100 mW when 
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Fig. 4 A moving iron torquemotor 


operating a first-stage flapper valve 
(see below), and of the order of 4 W 
when operating a slide valve. The 
present trend is to drive servo valves 
from transistor amplifiers. 

Moving coil movements of the loud- 
speaker type are used, but the most 
popular kind of devices is of the mov- 
ing iron type, a good example being 
shown in Fig. 4. 

To be continued 
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computer closes air 


ONE OF THE PROBLEMS FACING CIVIL 
air transport today is airspace satura- 
tion, a condition which undermines 
efficient aircraft operation by delay- 
ing take-off and by causing aircraft to 
fly at heights and along routes which 
are not ideal. Saturation occurs be- 
cause it is necessary to separate adja- 
cent aircraft by distances which are 
related to the accuracy with which 
they can be expected to maintain a 
pre-defined track. Improved tracking 
accuracies would, therefore, help to 
solve this problem. 

Sperry Gyroscope have developed 
an airborne analogue computer known 
as the Radio Track Guide, which 
should improve tracking accuracies by 


Fig. 2 Prototype Radio Track Guide 

during development stage. This is an 

airborne analogue computer which 

accepts and processes navigational in- 

formation for display and/or flight 
control 


Sperry airborne analogue 


navigation loop 


Flight automatically controlled 


fully exploiting the positional infor- 
mation which is provided by existing 
ground radio aids. The system has 
been operated in the air, using Sperry’s 
Percival Prince aircraft, in a five-legged 
flight along airways from London 
Airport to Le Bourget. Automatic 
tracking was carried out from the 
time that the aircraft reached opera- 
tional height until Le Bourget was 
approached. Furthermore, the Radio 
Track Guide was coupled to the auto- 
pilot during part of the flight. This 
means that the aircraft’s flight was 
completely automatically controlled, 
except for such minor manual pilot- 
age as throttle adjustment. CONTROL 
understands that the Radio Track 
Guide is being further developed so 
that any manual adjustment is un- 
necessary. According to Sperry, no 
tracking error could be detected dur- 
ing the flight, this being checked 
against other aids including the marker 
beacon at Le Bourget. 


Equi-spaced parallel tracks 

The Radio Track Guide is capable 
of establishing a number of equi- 
spaced parallel tracks along existing 
airways and provides means by which 
an aircraft can lock on to them 
through its autopilot or accurately 
maintain them through a flight direc- 
tor. Tracks are established by the 
Radio Track Guide computer moun- 
ted in the aircraft. This accepts radio- 
navigational information, together 
with programmed data defining the re- 
quired track, and presents to the pilot 
his lateral displacement from this track 
and the distance-to-go to its termina- 
tion. Further versions of the computer 


Fig. 1 Sperry’s Percival Prince 


will accept a punched-card pro- 
gramme, thus permitting the naviga- 
tional loop to be completely automa- 
tic. The only equipment required is 
the computer itself, and the new ver- 
sion of this will weigh about 50 lb 
and have a volume of 1 ft’. 

The equipment can be used in con- 
junction with any aid which provides 
continuous and accurate fixes in two 
coordinates. The initial development 
work on the system has taken place 
in Europe using positional informa- 
tion provided by existing Decca 
chains. However, the basic concept is 
equally applicable to other ground 
radio aids such as Loran C, a type of 
navigation system now being con- 
sidered ; with Loran C it is estimated 
that by the use of 15 stations the en- 
tire USA area can be covered with 
positional accuracies better than 100 ft. 

Apart from flight-testing, during 
which no tracking error could be de- 
tected, the system has been tested in 
a ground vehicle. A guidance path was 
defined on the ground down the centre 
of a mile long runway and the Radio 
Track Guide was used for guidance 
by a van carrying the apparatus. 
Sperry claim that the tracking error 
was less than 10 ft throughout and the 
vehicle came to a halt within this dis- 
tance of the programmed destination. 


Computer operation 

The system is basically simple. Fig. 
3 shows a system of equi-spaced rec- 
tangular coordinates, and points A and 
B which are the terminal points of the 
desired track. The computer illus- 
trated in Fig. 4 is assumed to be at A 
and the position information is the 
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same as the demand information. 
Under these conditions the outputs 
from the two differential gearboxes 
are zero and the helical potentiometer 
wipers are in contact with the centre 
taps. The coordinates of position B 
are next demanded and result in out- 
puts from the differentials which move 
the wipers away from the centre taps 
by distances proportional to the coor- 
dinate differences x,—x, and y,—y,. The 


tracking meter is connected between — 


the two wipers and at this point the 
voltages across the two helical poten- 
tiometers are adjusted to zero the 
meter. This setting-up procedure has 
defined the track and any subsequent 
meter reading will indicate a displace- 
ment from the straight line which 
passes through A and B. With this 
system, signal sensitivity and its sign 
are constant at all points along the 
track. An additional feature is that the 
track must pass precisely through B 
for at this point the wipers are again 
in contact with their centre taps. There 
is, therefore, no accumulation of errors 
along a typical route which would be 
formed by a succession of such tracks. 

By using a zeroing procedure at the 
start of a track it is possible to re- 
duce the number of components in the 
system requiring a high degree of 
accuracy. The only accuracies required 
are in relation to backlash in the 
gears and the linearity of the helical 
potentiometers. Potentiometer loading 
effects are eliminated by using a volt- 
age balance system. Moreover, supply 
variations will not affect the accuracy 
of the defined track. 

The distance-to-go facility is not in- 
dicated in Fig. 4. Since the accuracy 
of this information is not critical it 
may be derived from strip potentio- 
meters mounted adjacent to the helical 
units. 


Some problems 

This simplified description of the 
computer needs qualifying on certain 
points. For example, it would be in- 
appropriate to require an aircraft to 
remain poised at point A while estab- 
lishing a track to B. As the track is 
to pass through A, it is not sufficient, 
to allow setting-up to take place in 
the region of A. However, for opera- 
tional purposes this is the type of 
operation required and by a simple 
trick itis accomplished. The trick is 
really on the computer, for on closing 
A the setting-up procedure is initiated 
and begins by falsifying the naviga- 
tional information so that the com- 
puter believes it is stationary at A. 
When the track is established, the false 
information is removed and normal 
tracking is recommenced. 

The operation of the computer has 
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been described within a system of rec- 
tangular equi-spaced coordinates, and 
this is just the coordinate system which 
is not produced by a hyperbolic aid. 
The tracks established by the compu- 
ter will not, therefore, be straight in 
space but a method has been deve- 
loped which can produce straight 
tracks from hyperbolic information. 
This method, in effect, introduces cor- 
recting voltages across the two helical 
potentiometers and thereby retains the 
basic feature of the system which en- 
sures that the track passes precisely 
through the defined terminations. 


os 

ee 
HH 
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Fig. 3 A system of equi-spaced rectan- 

gular coordinates. A and B are the ter- 

minal points of the desired track, the 
aircraft being at A 












Punched-card operation 

Computer operation can be automa- 
tic. The route data is contained on a 
punched card which holds sufficient 
data to define 20 successive tracks. 
Much of this data is required to de- 
fine the terminations of each track. To 
maintain system accuracy it is neces- 
sary to define termination -points to 
an accuracy similar to that available 
from the navigational system being 
used. In the case of Decca, this re- 
quires an accuracy of 1 in 30,000; 
thus, it has been necessary to develop 
a miniature digital servo capable of 
handling 15 binary digits. 

It is not necessary to use track 
shaping and automatic data insertion 
in computers for all applications. A 


Fig. 4 The computer-controlled aircraft 
is at A in Fig. 3 so that present and 
desired position are the same. To give 
the required track, A to B, the wipers 
move from the centre taps by distances 
proportional to xx, and y:-y, 
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system for use with Dectra, a hyper- 
bolic aid providing guidance across 
the North Atlantic, will probably not 
require track shaping, for at long 
range the hyperbole become straight 
and equi-spaced. Also the use of auto- 
matic data insertion would be a dis- 
advantage. On this route, no precise 
air lanes are specified because flexible 
routing permits aircraft to take full 
advantage of the prevailing weather. 
Thus for this application the Radio 
Track Guide would permit the manual 
presetting of data. This data would be 
provided by the relevant control 
authority and would be based on 
weather conditions and other aircraft 
movements and liable to changes at 
any time while in flight. 

An automatic computer without 
track shaping will probably satisfy 
the needs of helicopter operation. Here 
the requirement is for maximum 
accuracy along a number of short 
tracks which may well be required to 
terminate at the desired landing spot. 


Autocontrol in time and space 

Sperry feel that considerable deve- 
lopment of the Radio Track Guide 
appears possible in integrating the de- 
vice into an air traffic control system. 
For example, by the selection of suit- 
able coordinates, any reporting point 
within an airway could be offset from 
the airway centre-line so as to avoid 
‘funnelling. With such a system it 
would be possible automatically to 
control aircraft in both time and space 
and thereby fully utilize the airspace 
available. This would require a ground 
computer for the production of route 
programmes and for checking flight 
clearances. Data produced by the com- 
puter would be stored and used subse- 
quently to check the progress of air- 
craft during their actual flight. 

Obviously such a scheme is a long 
way off but, to Sperry Gyroscope, its 
development appears to follow a logi- 
cal sequence which could proceed at 
a rate such that it is always one step 
ahead of air traffic control require- 
ments. 


Conclusions 


The Sperry Radio Track Guide is 
suitable for military and civil aero- 
planes including helicopters. An air- 
borne analogue computer, it provides 
a coupler system for the instrument 
and automatic flying of radio pattern 
networks such as Loran, Decca, 
Dectra, Vortac and Gee. It follows 
that the system should provide im- 
proved all-weather aircraft operation. 
The punched-card flight planning faci- 
lity has obvious application to air traf- 
fic control. It may provide increased 
safety in the airways and allow greater 
traffic density. 














































































































































































































































































































































































P ick-of f by ‘ UNCONTROLLED® 


HEN some members of the 
Control Section of the SIT 
recently visited the Coryton re- 
finery of the Mobil Oil Co. I was 
glad to be one of the party, not 
only for the technical interest of 
the refinery instrumentation but 
also because I had never previously 
seen that tongue of land on the 
north bank of the Thames which 
now houses Shellhaven, Thames- 
haven and Coryton oil refineries 
and storage depots. Glimpses of 
these from the road approach — 
silver-grey in the evening sunshine 
made me appreciate that re- 
fineries are not wholly lacking in 
beauty and intractable to architec- 
tural treatment. Coryton works are 
certainly very well laid out and it 
was refreshing to see that Mobil 
are starting to use the kind of open- 
air colour coding of pipes and 
valves which the UKAEA delights in. 
The refinery is probably as ad- 
vanced as any in this country in its 
use of on-stream analysers. These 
include an automatic gas-liquid 
chromatograph on the depropanizer 
column of the liquefied petroleum 
gases unit, a gasoline vapour pres- 
sure analyser on the distillation 
unit, and three paramagnetic oxy- 
gen analysers on the main power 
Station boilers. All these are said 
to have paid for themselves in 3-12 
months. 


Indeed, the SIT party chose an 
opportune day for analysis since 
two new instruments had arrived 
the same morning and were only 
just unpacked: a gas calorimeter 
from Germany and an H.S an- 
alyser from the USA. These are to 
be fitted on a new plant being con- 
structed at the refinery, a gas puri- 
fication unit to supply refinery tail 
gases for treatment by the North 
Thames Gas Board. In all this unit 
will have four on-stream analysers ; 
but none of them is to be used for 
feedback control—that still lies in 
the future. 


WONDER whether the folléw- 
ing note which I have received 
from a correspondent has its prac- 
tical uses: 
* Seventy-five years ago this June 
Engineering announced that “ Mr. 
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George Westinghouse Jun., of 
Canal Road, King’s Cross, London, 
has brought out an_ electric 
governor in which a_ solenoid, 
traversed by the electric current, 
controls the distribution of fluid 
under pressure to a small cylin- 
sss. 
‘The description and diagram 
showed the piston of the hydraulic 
cylinder linked to the steam regula- 
tor of the engine side of the set. In 
short, here was servo control of an 
engine-driven generator on variable 
load. 
* The reference element was an ad- 
justable spring opposing the travel 
of the solenoid armature. The 
armature controlled the admission 
of fluid by means of a dumb-bell 
valve. The pressurized fluid was 
introduced opposite the neck of the 
piston, leaving it in equilibrium ’. 
Does anyone know of an earlier 
example of an_ electrohydraulic 
servo ? 


LSEWHERE in this issue ap- 

pears a note on the new 
Ferranti machine tool control 
equipment. Recently I talked to 
Mr. D. T. N. Williamson, the Head 
of Ferranti’s Machine Tool Con- 
trol Department, about the hy- 
draulic servos now used as standard 
in the continuous path equipment. 
He told me they were designed by 
the engineers in his department 
without importing any hydraulics 
specialist from the aircraft or 
guided-weapon industry. ‘We are 
no longer “electrical engineers ” 
here’, he said, ‘we are “ engin- 
eers”’. That is fine and represents 
an encouraging, if unusual, out- 
look. But should he not really have 
said, ‘ We are “ control engineers ” 
or “ engineers with the systems out- 
look ”’ ? I doubt whether his team 
would be so happy designing a 
turboalternator or a new bridge 
across the Clyde. It is work on con- 
trol systems that provides the elixir 
of the anti-specialist engineer today. 


HE phrase ‘scientific break- 
tender is much in fashion, 
probably because a military meta- 
phor appeals to the emotions. It 









was much, and mistakenly, used 
during the recent flurry about elec- 
trochemical ‘fuel’ cells. The stir 
centred around a demonstration of 
Bacon’s hydrogen - oxygen cell, 
which is being developed by Mar- 
shall of Cambridge for the NRDC. 
My impression at the demonstra- 
tion was that there had been a good 
deal of slogging development rather 
than a sudden revelation. After all, 
electrochemical cells ‘fuelled’ from 
outside (instead of carrying their 
entire chemical stock within them- 
selves) were thought of over a cen- 
tury ago, and Bacon himself has 
been working steadily on the pro- 
ject for twenty years. Cells using 
hydrocarbon fuel are being devel- 
oped at the Sondes Place Research 
Institute, and work is also known 
to be under way in the US, Ger- 
many and Holland. 

Two main problems that now 
seem to have been mastered at 
Cambridge are the control of the 
gas pressures and the control of 
the quality of the electrodes. The 
electrodes themselves are disks of 
porous sintered nickel, and 40° 
sodium hydroxide solution is con- 
tained between them. Surface ten- 
sion prevents the compressed gases 
(300-600 Ib/in*) from bubbling 
through the electrodes into the elec- 
trolyte. To protect the cells, the 
pressures of the gases on the two 
sides have to be equalized, and the 
Cambridge team has very sensibly 
relied on off-the-shelf equipment 
for this control: The work is con- 
cerned with the unknowns of fuel 
cells, not the development of pres- 
sure regulators. 

The forty-cell unit at Cambridge 
generates 24 kW at 32V, or 5 kW at 
24V maximum load. The unit has 
a rated free-energy efficiency of 
50°, but the heat evolved is not 
wasted; the temperature must be 
kept at 200°C for the catalytic re- 
action to go. Applications are fore- 
seen, given suitably developed con- 
trol systems, to heavy traction, 
air- and space-craft, and (with 
auxiliary electrolysers) to the stor- 
age of the off-peak output of 
nuclear power stations. 


Polarography and its Industrial 
applications 

We regret that some printing errors 
appeared in the article by D. G. 
Anderson last month. The section head- 
ing Increasing the total ion concentration 
on p. 82 should have come after the ex- 
planation concerning the two reductions 
of iron, not before. Reference 4 should 
have read * Delahay, P., and Adams, 
T. J., J. Amer. Chem. Soc., 74, 1952, 
p. 5740." Reference 5 should have named 
*G. C. Barker,’ not * Barkor.’ 
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ELECTRIC RELAY 


small, low capacitance 


A miniature low capacitance G.P. relay 
has been produced by Ericsson Tele- 
phones Ltd. 

It is intended for use in circuits requir- 
ing a small 2 changeover relay with low 


capacitance between springs, and be- 
tween springs and frame. The conven- 
tional flat springs have been replaced 
by wire springs mounted in moulded 
blocks. 

Typical performance characteristics at 
1000 c/s give a capacitance of not worse 
than | ppF between all springs and not 
worse than 2 yuF between springs and 
frame. 

Tick No 187 on reply card 


COOLING FLUID 


for very high temperatures 


A cooling fluid for use in computers, 
control systems, and other types of elec- 
tronic equipment has been developed by 
Monsanto Chemicals Ltd. 

The fluid, Montosil E, has been speci- 
fically developed for use in electronic 
systems capable of withstanding very 
high temperatures. Montosil E has excel- 
lent dielectric and thermal properties and 
good lubricating and hydraulic charac- 
teristics. The fluid has adequate viscosity 
throughout the temperature range be- 
tween —65°F and 400°F, and its pour 
point is below —100°F. 

Tick No 188 on reply card 


TEMPERATURE CONTROLLER 
with an accuracy of 0:025% 


The Winston-United Steels temperature 
controller (type M.226) is claimed by the 
manufacturers to be able to control to 
an accuracy of 0-025%, at 1000°C. The 
instrument was designed to operate fur- 
naces used in creep testing alloy steels. 

A platinum resistance thermometer is 
formed into an a.c. Wheatstone bridge, 
the pre-set arm of which consists of a 
1000 ohm potentiometer graded in 4000 
steps, each being 0-25°C. The out-of- 
balance voltage from the bridge is am- 
plified by a two-stage amplifier giving a 
gain of approximately 2000. The ampli- 
fied output is also fed to a phase-sensi- 
tive bridge, which gives a positive or 
negative output according to whether the 
furnace temperature is lower or higher 
than the -correct setting. This output is 
amplified 10 times by the d.c. amplifier 
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and then applied to one section of the re- 
lay controlling the furnace relay. A time 
interval generator provides switching 
cycles of, normally, 30 sec to the other 
section of the relay control, which is so 
connected that the first section conducts, 
thus energizing the relay only when the 
control signal from the thermometer is 
more positive than the signal from the 
time interval generator. When the fur- 





A rugged, accurate controller 


nace is at the correct temperature, the 
relay is energized for one half of the 
time cycle. The switching of the furnace 
relay is used to alter the furnace current 
between two valves chosen to match the 
furnace characteristics. 

The controller is manufactured by 
Winston Electronics Ltd. 
Tick No 189 on reply card 


SWITCH 


an unusual controller 


An interesting switch from Pye which 
should find many applications is the joy- 
stick multi-circuit controller. The con- 
troller consists of a joystick which can be 
moved in any one of two, three, or four 
directions to make or break a number of 
circuits; the controller being of the lock- 
on or spring return to centre type. A 
great saving in panel space can be made 
by using the switches, e.g. a four-way 
eight position unit can save eight push- 
button assemblies. Replacement of the 
individual microswitches is simple. 

Tick No 190 on reply card 


COUNTERS 


batch and impulse 


A new type of multi-circuit batch counter 
is being marketed by Radiatron in their 
IVO range. This counter has 2 or 4 pre- 
set count positions. The instruments are 
available to count either shaft rotation, 
electrical impulses or strokes (oscillatory 
movements). The counters change over 
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two or four independent electrical con- 
tacts when the respective numbers are 
reached, and the whole cycle is repeated 
on depressing a zero set lever or turn- 
ing a detachable key. Electrical reset is 
also available. The single and the double 
counters are available up to 6 digits and 
the quadruple counters up to 3 digits. 
In each case the numbers corresponding 
to the various circuits are adjusted inde- 
pendently of one another with finger-grip 
wheels. 

A small electrical impulse counter, also 
an IVO range product, is suitable for 
counting up to 20 impulses per second. 
The counter is made for both d.c. and 
a.c. pulses, the minimum pulse length 
being 25 msec for d.c. and 33 msec for 
a.c. The counter is available in non-reset 
type or with an instantaneous resetting 
knob or with a reset key. 

Tick No 191 on reply card 


NANOSCOPE 


for fast repetitive waveforms 
The Nanoscope is an auxiliary unit 
which, when connected with an ordinary 
laboratory oscilloscope, permits the ob- 
servation of very fast repetitive wave- 
forms of the order of a few nanoseconds 
(10-* sec) duration. It has been developed 
by the AERE, primarily for use with 
scintillation counters. 

It operates by sampling the fast wave- 
form with very narrow pulses at a num- 
ber of points. This results in the produc- 
tion of a series of pulses, stretched to 





The Nanoscope 


render them visible on a normal oscillo- 
scope of restricted bandwidth, which are 
proportional in amplitude to the corres- 
ponding ordinates of the sampled wave- 
form. These ordinate pulses are 
brightened at their peaks, thus tracing the 
fast waveform as a series of dots on the 
oscilloscope. 

Most laboratory oscilloscopes are suit- 
able for connexion to the Nanoscope, 
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New for Control 


which requires connexions to the time- 
base and to the cathode of the tube. In 
other cases these connexions can be made 
very simply by the user. 

The Nanoscope costs £350 and is 
manufactured by Lion Electronic Deve- 
lopments Ltd. 

Tick No 192 on reply card 


CONTROL RELAY 
operated by less than 5 mW 


A new control relay (type 213B) has an 
operating power of less than 5 mW, with 
which it can switch a maximum of ISA 
at 230V a.c. (non-inductive). The unit 
uses a transistor relay and is designed 
for the remote switching of loads where 
the power through the control contacts 
must be kept to a minimum. It provides 
its own control current and thus can- 
not be operated by external signals. 
The manufacturers are Electromethods 
Ltd., the price is £9 10s. and delivery 
can usually be made in 2 weeks. 
Tick No 193 on reply card 


ANALYTICAL INSTRUMENT 


automatic, continuous 


A new Technicon Autoanalyzer system for 
continuous automatic analysis of chro- 
matographic fractions is announced by 
Technicon Instruments. 

Operating as a separate analytic entity 
in the chromatographic set-up, the Auto- 
analyzer can accurately handle either the 
full-stream delivery of the column efflu- 
ent, or any part thereof. Thus a column 
yield can be split two ways at exit, with 
a part flowing directly into the Auto- 
analyzer and the rest into a conventional 
fraction collector for preparative work. 

The combined outputs of any number 
of columns and fraction collectors can 
be continuously analysed at a rate of up 
to 60 samples per hour. The self-cleans- 


ing system is applicable to such diverse 
materials as amino acids, proteins, pep- 
tides, polypeptides, steroids, phosphates 
and many others. 

Modular design permits full flexibi- 
lity of arrangements: building blocks 
can be purchased as required. The basic 
system includes proportioning pump, 
mixing coil, heating bath, colorimeter and 
recorder. A programming mechanism is 
available accurately to effect the cor- 
rectly timed sequence of a series of 
changes. 

Tick No 194 on reply card 


TRANSISTOR TEST SET 


fully automatic, flexible 


An automatic test and data recording 
machine for the testing of transistor de- 
vices has been produced by Sylvania- 
Thorn Colour Television Laboratories 
Ltd. 

The machine can apply up to ten tests 
per device with a maximum resolution of 
* 2%. Basic rate of testing is 10,000 
tests per hour, i.e. 1000 devices per hour, 
with ten tests applied to each. The re- 
sults are recorded simultaneously on 
punched tape and on printed pages. The 
tests are applied sequentially, and the 
machine is able to compare readings with 
prescribed upper and lower limits for 
every test. Whether the readings on any 
single device under test fall inside or 
outside the prescribed limits can deter- 
mine whether some or all of the remain- 
ing tests are applied or inhibited. The 
present ranges of current voltages are 
1 pA to 10A and 100mV to I kV. 

The equipment is fully transistorized 
and uses standard telegraph machinery 
for producing output data. All analogue 
quantities which are generated during the 
tests procedure are digitized, first into a 
five-bit straight binary code for proces- 
sing by the machine, and subsequently 


The set-up for the Technicon Autoanalyzer 






































































into the International Telegraph Code 


for output purposes. 
Tick No 195 on reply card 


PNEUMATIC RELAY 


gives automatic compensation 


The size of an orifice plate for measure- 
ment of gas flow is calculated for one 
temperature and one pressure; it fol- 
lows that any variation in either will 
affect the accuracy of the final reading. 
In most cases variations are small and 
the effect on metering accuracy is negli- 
gible. However, instances do arise in 
which large changes in either pressure or 
temperature, or both, are encountered 
and it is then necessary to apply a cor- 
rection. Honeywell Controls Ltd. are 





The Sorteberg pneumatic relay 


now able to supply a system providing 
automatic compensation for either tem- 
perature or pressure, or both—using the 
Sorteberg force bridge pneumatic relay. 
This is essentially a multiplying and 
dividing unit which corrects the flow sig- 
nal for pressure and _ temperature 
changes. 

The pressure and temperature trans- 
mitters are calibrated from absolute zero 
to the maximum values for which com- 
pensation is required expressed in abso- 
lute units. Transmission is such that zero 
absolute is 3 1lb/in? whilst the maximum 
reading gives 15 ]b/in?. The flow trans- 
mitter is a standard differential conver- 
ter, or similar transmitter, which does 
not incorporate square root extraction. 
Tick No 196 on reply card 


PLOTTING TABLE 


accuracy of 0-1% 


The Bryans X-Y coordinate plotting 
table is a self-contained instrument for 
bench or desk use. The plotting area is 
15 X 10 in. and the maximum pen velo- 
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city is 20in./sec. The full excursion on 
the Y-axis of 10 in. peak-to-peak may be 
obtained up to frequencies of 0-75 c/s. 

For amplitudes within the limitations 
of maximum pen velocity, the pen re- 
sponse is such that the amplitude is re- 
duced to 70% of the d.c. value (i.e. 3 dB 
down) at Sc/s. 

The sensitivity or scale factor of each 
axis is variable over a range of 0-08 to 
8-0 V/in. by coarse and fine controls. 


The plotting accuracy is about 0-1% of © 


full scale. The dimensions are 24 * 20 
8 in. and the weight is 65 lb. 
Tick No 197 on reply card 


CONTROL VALVE 
pressures up to 50,000 Ib/in? 


The Wee Willie control valve (model 
5060) has been designed for a working 
pressure of 50,000 Ib/in?. 

The standard body is of stainless steel 
(type 316) forged to specification FN- 
58J in an angle pattern only. All forge- 
able alloys are available on request. The 
temperature rating for a standard body 
is — 20 to + 400°F, but with a normal- 
izing fin this becomes — 300 to 
+ 1200°F. 

The plugs are available in 3 C, ranges 
0-000 000 1 to 0-001; 0-000 001 to 0-001; 
and 0-0001 to 0-01. The packing is by a 
Teflon ‘O’ ring. Standard connectors are 
in. NPT or BSP. 

The standard operator is a Domotor 
with integral positioner. The valve stroke 
is adjustable from 0-010 to 0-150 in. from 
the closed position. The valve can be 
fitted to fail open or closed, and it is 
reversible without change of parts. 

Wee Willie is made by the Audley 
Engineering Co. Ltd. 

Tick No 198 on reply card 


X-Y RECORDER 


accuracy better than 0°75% 
The HR-92 X-Y recorder is a_null- 
balance servo-type plotter designed to 
draw curves in Cartesian coordinates 
with an accuracy of better than 0-75%. 


Sensitive, well-designed 
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The flat-bed bench mounting construc- 
tion utilizes 84 X 11 in. graph paper with 
full chart visibility. The X- and Y-axes 
are electrically and mechanically inde- 
pendent; each employs a chopper-type 
amplifier with separate power supply, a 
two-phase servomotor and a 3-turn re- 
balance potentiometer energized by a 
mercury reference cell. The response is 
critically damped, with a pen speed of 
7-Sin./sec and sensitivity of 10 mV/in. 
(alternatively 1 mV/in.) The input resist- 
ance is 10,000 ohms but can be adjusted 
by removing an internal link to give in- 
finite impedance at balance. The simpli- 
fied control panel has duplicate zero set- 
ting and continuously-variable attenuator 
adjustments, separate standby and power 
switches, and a ‘load-operate’ control 
which removes the pen carriage to faci- 
litate rapid chart loading. Gain and cali- 
bration adjustments can be made by 
screw-driver controls readily accessible 
beneath the front panel. The overall 
dimensions of the recorder are 14 X 154 
x 8in. and the weight is 35 lb. 

The agency for Houston equipment in 
this country has been acquired by Scien- 
tific Furnishings Ltd. 

Tick No 199 on reply card 


DETECTOR 


for liquid gases 
A sensing unit that detects the presence 
or absence of liquid gases or cryogenic 
fuels in a transfer line or vessel is being 
marketed by the American associates of 
Honeywell Controls Ltd. The detector 
is a three-part control unit consisting of 
a probe, amplifier and connecting coaxial 
cable. The probe consists of a series of 
Teflon-spaced stainless steel concentric 
cylinders. When the probe is inserted in 
a vessel or transfer line, the presence or 
absence of a liquid results in a change in 
capacitance as the liquid fills the space 
between the cylinders. This measured 
change is transmitted by coaxial cable 
through an explosion-proof flexible con- 
duit to a transistorized amplifier where 
it is converted to energize a double-pole 
double-throw relay. 
Tick No 200 on reply card 


INDICATOR BLOCK 


a different approach 


A 99 dot electroluminescent indicator 
block now being manufactured by Thorn 
Electrical Industries Ltd. applies a new 
principle to digital read-out and progress 
chart systems. 

This component has a depth of only 
0-3in. and occupies a fraction of the 
space used by lamp indicators. No fila- 
ments are employed, the unit generating 
virtually no heat at all. The component 
consists of 99 rectangular phosphor dots 
sandwiched between two electrically con- 
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ducting surfaces. By applying alternating 
voltage to these dots they are excited to 
luminescence. Variation in the pattern 
of illuminated dots enables the indicator 
to read out any desired character or 
figure or to provide an accurate reading 
of progress. 

The brightness rating of the indicator 
is 15 lamberts. To develop the intensity 





An example of one of the new 
indicator blocks 


required it is desirable to use a high fre- 
quency supply of a voltage of about 
350 V. Thorn transistorized power packs 
are available producing such a supply on 
400 c/s, the voltage being low enough in 
this instance to avoid difficulties in 
switching. 

Tick No 201 on reply card 


VOLTMETERS 
3 and 4 digit models 


Three and four digit electronic volt- 
meters have been produced by Blackburn 
Electronics Ltd. The accuracy is = 0°-1% 
on the 3-digit BIE 2113 and + 0-05% on 
the 4-digit BIE 2114, on any of the four 
ranges of each voltmeter. The input im- 
pedance of both instruments is 50 meg- 
ohms in the lower range and 5 megohms 
in the upper ranges. Range changing and 
sign selection are automatic and both 
are indicated on the visual display which 
employs neon number tubes. The read- 
out times of the instruments are 13 milli- 
sec for the BIE 2113, and 103 millisec 
for the BIE 2114. 

Both instruments have built-in stabi- 
lized power supplies and can be supplied 
either for rack mounting or in an instru- 
ment case measuring 20 X 14 X 17 in. 
The prices of the instruments are BIE 
2113 £450, and BIE 2114 £500. 

Tick No 202 on reply card 


AUTOMATIC WEIGHING EQUIPMENT 


for heavy industrial use 


Equipment for automatic weight con- 
trol has been developed by Elcontrol 
Ltd. It involves the use of one, two or 
three load cells on which the load is sup- 
ported. The load may alternatively be 
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suspended from up to three suspension 
type load cells. The load cells are con- 
nected to a remote relay unit which inte- 
grates the output from the cells. The 
integrated output current is monitored 
and when it reaches a value correspond- 
ing to the selected operating weight, the 
relay in the control unit is operated and 
actuates the control mechanism. 

The equipment is suitable for the 
range of weights normally covered by 
standard load cells, from SOlb up to a 
thousand tons or more, and is provided 
with operating adjustment over any de- 
sired range of weights. It gives repeti- 
tive accuracy of better than 1%. 

Price of a typical unit for weights up 
to 2000Ib employing one load cell, is 
£120. Units for greater weights and in 
heavier housings cost more. 

Tick No 203 on reply card 


ROTARY ACTUATORS 


angular travel of 90 


An electropneumatic rotary actuator from 
Kinetrol has a torque of 150 1b-in. and 
an angular travel of 90°. It is based on 
a single rotary-vane piston design and 


& 


The electropneumatic actuator 


works from an air supply of 80-100 Ib 
in’. The valve can be supplied to work 
from an electrical input of 230 V a.c., 12 
Vdc. or 24Vdcc. The overall dimen- 
sions are 3-9 X 4 X 5-S in. 
Tick No 204 on reply card 


QUICK LOOKS 


A new range of solenoid-operated pilot 
valves has been developed by Maxam 
Power Ltd. The solenoid is designed 
around a 24h water immersion tested 
coil of low current consumption (4-8-5 
W). The valve has only two moving 
parts. The maximum operating pressure 
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for a yin. orifice, 2-way normally 
closed valve is 250 1b/in? gauge. 
Tick No 205 on reply card 


A miniature edgewise meter (model 220) 
has been produced by Taylor Electrical 
Instruments Ltd. The instrument can be 
supplied as a voltmeter, milliammeter or 
microammeter. 

Tick No 206 on reply card 


A new photomultiplier tube (type 9558B), 
which has a tri-alkali photocathode 
formed from antimony sodium potassium 
caesium, has been introduced by EMI 
Electronics Ltd. 

Tick No 207 on reply card 


Counting Instruments Ltd. have informed 
us that they have been developing a com- 
pact binary-decimal converter. Known as 
the Bina-dec it has been designed for 
use with their lin. or jin. digital dis- 
play units. 

Tick No 208 on reply card 


Five new miniature transistor trans- 
formers have been added to the Micro- 
tran Company line. These units are avail- 
able in open frame construction with 
standard channel or plug-in tab mount- 
ing channel. Their size is less than } in’, 
with a weight of approximately 4/10 oz. 
Impedance ranges were designed to meet 
the requirements of many new transistors. 
Tick No 209 on reply card 


The all-welded construction of a new 
miniature relay from International Gen- 
eral Electric is claimed to have reduced 
contact contamination—an obstacle in 
achieving relay reliability. Rated at 2A 
26:5 V d.c. or 115 Va.c. the relay works 
from d.c. and weighs about | oz. 

Tick No 210 on reply card 


A recent addition to the range of ‘oil 
free’ air compressors manufactured by 
Williams and James (Engineers) Ltd. is 
a 2-stage double-acting water cooled 
model for pressures up to 250 Ib/in?, 
whilst delivering up to 55ft?/min of 
free air. It is noticeably silent in opera- 
tion. 

Tick No 211 on reply card 


A wide range frequency meter (type 
TD/1) from Telemechanics Ltd. will be 
available early next year. The measuring 
range is 0-3000 Mc/s as a generator, and 
1 kc/s-3000 Mc/s as a meter; with a 
measuring accuracy of +1 cycle. The 
generator output voltage is 0-1 volt. 
Tick No 212 on reply card 


INDUSTRIAL 
PUBLICATIONS 


Colourful leaflet from Bendix describes 
the G-15 general purpose digital com- 
puter. 

Tick No 213 on reply card 
4-page Solartron bulletin contains special 
jeatures and specification sheet for 
magnetic tape recorder-reproducer 
system. 

Tick No 214 on reply card 
1959 catalogue of books on electrical 
and electronic engineering—H. K. Lewis 
& Co. Ltd. 

Tick No 215 on reply card 
Hewlett-Packard news sheet details in- 
formation of a clip-on oscilloscope probe 
for measuring and viewing current wave- 
forms. 

Tick No 216 on reply card 
Useful CIBA(ARL) booklet entitled 
“How to use Araldite Epoxy Resin Ad- 
hesives "—a guide to materials which can 
be bonded by Araldite, 

Tick No 217 on reply card 
Technical and installation data sheet of 
Drallim Industries fine control valves. 

Tick No 218 on reply card 
A well-compiled catalogue of pneumatic 
equipment from Air Automation. 

Tick No 219 on reply card 
Two glossy, fully illustrated brochures 
on Hilger & Watts’ autocollimators and 
recording infra-red spectrophotometer 
(H800). 

Tick No 220 on reply card 
NGN Electrical Ltd—ring folder con- 
tains data sheets of high vacuum equip- 
ment which includes pumps, components, 
plants etc. 

Tick No 221 on reply card 
First issue of quarterly publication by 
Institution of Mechanical Engineers en- 
titled ‘The Journal of Mechanical 
Engineering Science.’ 

Tick No 222 on reply card 
Leaflet and price list of Elkay Electrical 
Manufacturing Co. Ltd. range of con- 
nectors and terminal strips. 

Tick No 223 on reply card 
Evershed & Vignoles 10-page publication 
on f.h.p. motors; ratings range from 0:25- 
100 W output. 

Tick No 224 on reply card 
4-page leaflet from George A. Philbrick 
Researches Inc. gives brief details of 
their various analogue computing instru- 
ments. 

Tick No 225 on reply card 
Informative catalogue on Dixylon plastic 
transmission betling—R. & J. Dick Ltd. 

Tick No 226 on reply card 
For further information on any industrial publica- 


tion tick the corresponding number on the prepaid 
reply card 
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Hargrave Road 


In connection with high pressure 


ERMETO HIGH PRESSURE COUPLINGS are specified 
by many leading manufacturers, because they are the most 
reliable fittings on the market for every high pressure 
installation. Our catalogue illustrating the full range of 
standard fittings will be sent to you on request. 
Non-standard fittings can also be made to suit your 
specification. Our technical experience is at your service. 


BRITISH ERMETO CORPORATION LIMITED 


Maidenhead Berks Telephone: Maidenhead 5100 ~°* A member of the ALENCO Group of Companies 


ERMETO 
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- MACHINING —— 
Machine tool controls 


Last month Ferranti, Edinburgh, 
demonstrated three new _ electronic 
machine tool controls. Developed from 
their earlier machine tool equipment, 
they are for continuous path control, 
numerical position control, and automa- 
tic inspection of machined parts. 


Continuous path control 

A drawback of the current Ferranti 
continuous path control equipment is the 
short playing time of each magnetic tape 

20 min for an 1800 ft tape—dictated 
by a playing speed of 15 in./sec to avoid 
too high a packing density for the 
pulses recorded on the tape. This speed 
is reduced in the new equipment to 3-75 
in./sec by using a phase displacement 
carrier system of pulses at a frequency 
of 104c/s, control signals appearing as 
discrete alterations in phase of the 
pulses, with respect to a second refer- 
ence pulse train. 

Changes in the tape recording system 
are matched by changes in the diffrac- 
tion grating measuring system. A syn- 
chronously-driven spirally-ruled disk 
scans a linear grating fixed to the tool 
table and, by a photocell, provides a sig- 
nal of frequency 104c/s. Movement of 
the tool table causes phase displace- 
ment of this signal in relation to a 
second 104 c/s reference signal, produced 
by the disk scanning a second fixed grat- 
ing. The phase displacement signals from 
the magnetic tape and electro-optical sys- 
tem are kept in step by the servomech- 
anism. Hydraulic servos using electrohy- 
draulic valves with ram or rotary actu- 
ators, replace the former electrical ones, 
and Ferranti have developed a standard 
servo unit, with a Moog valve, Lucas 
3-b.h.p. motor, oil filter and gearbox. 

Use of transistors in the pulse ampli- 
fiers has meant a reduction in the size 
of the control console, which comprises 
three control channel units (one for each 
dimension), a reference unit (used with 
manual control) spare units for mainten- 
ance, and a 24-V battery power supply. 

The new equipment was demonstrated 
on a_ high precision profile milling 
machine, mainly used for cutting tem- 
plates; a Hayes/Ferranti Tapemasfer, a 
medium-sized vertical milling machine; 
and a larger Kerney and Trecker TF 415 
vertical miller. The first two machines 
have been developed concurrently with 
the new numerical control system. 
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Ferranti’s coordinate inspection machine, 
inspects work pieces to 0°0005 in. 


Ferranti claim considerably improved 
performance from the new equipment 
and say it is unlikely to be changed 
materially for five years. Its price ranges 
from £7000 to £12,000, being about a 
25%, cheaper than the earlier equipment. 


Numerical positioning equipment 

The positioning equipment demon- 
strated is applicable to jig-borers, drill- 
ing machines, etc. Its price of about 
£2000 is claimed to be comparatively 
cheap for a system involving direct feed- 
back from the work table. 

It comprises a control console, with 
a new paper-tape reader on top of it. 
Coordinate and other machining infor- 
mation is recorded on the standard in. 
tape, whose lines of punched holes are 
read in blocks to reduce the time re- 
quired for passing information into the 
control circuits. These are transistorized 
and use printed wiring. The output from 
each control channel operates a 50c/s 
induction motor, by either a high- or 
low-speed control clutch. The table 
moves quickly for the first part of its 
traverse, the slow clutch taking over to 
bring it to rest in its final position for 
the next operation, where the slides are 
automatically clamped. 

As in the continuous-path equipment, 
diffraction gratings measure the position 
of the work-table, and a high-speed deci- 
mal counter connected to the grating 
records this with respect to a datum. The 
counter and tape-reader are checked con- 
tinuously by a ternary logic circuit. 


from the world of control 





Automatic inspection 


Perhaps the most exciting of the items 
demonstrated is the automatic inspec- 
tion equipment. This consists of a verti- 
cal probe which is brought into contact 
with the machined part and whose x and 
y coordinate positions are recorded to 
an accuracy of 0-000Sin. on decimal 
counters. In effect, the equipment is the 
inverse of the static positioning equip- 
ment, without the servos or tape reader. 

The probe is cantilever supported over 
the table carrying the machined part. 
Horizontally it can move up to 24in. 
in the x direction and 15in. in the y 
direction. Vertically it can move up to 
10 in. but no measurement is made of its 
vertical position in the present equip- 
ment, which is normally manually set for 
each inspection pass. 

Ferranti have three of these machines 
working in their own machine shops and 
they say that inspection time on the 
average is reduced to about one-quarter 
of that needed with hand methods. 

The price of the inspection machine is 
about £2200. 


£1600 controlled drill 


EMI Electronics have developed a 
machine tool control system consisting 
of a Grimston drilling machine of up to 





ROUND TABLE. This multi-station 
rotary transfer machine, by Centec 
Machine Tools Ltd., employs Maxam 
pneumatic cylinders and valves for con- 
trol and operation of the sequencing 
and clamping systems. The machine 
drills seven holes } in. dia at xs in. 
centre distance in a small brass com- 
ponent, the production rate being 7} 
sec. A 16 in rotary indexing table is 
used, which can index any angle divis- 
ible by three up to 180°. Accuracy of 
repetition is claimed to be = I'S sec, 
and angular accuracy = 5 sec. 


So simple! 
So surely SIMPLIFIX 
the foolproof 


coupling! 


Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner— 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2in. o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


Sl M PLI Fl SIMPLIFIX COUPLINGS LTD., HARGRAVE RD., MAIDENHEAD, BERKS. TEL: MAIDENHEAD 5100 
A mémber of the ALENCO Group of Companies 
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4-in. drill capacity (the chuck will accept 
a 1-in. drill, but the accuracy is lowered) 
controlled by ‘Emicon’ electronic posi- 
tioning control. The measuring element 
is an Inductosyn of + 0-0005 in. electri- 
cal accuracy. The system is fitted to a 
coordinate table (controlled axes, 10 in. 
by 10in.), operating on recirculating ball 
slides, which is actuated hydraulically 
from a _ pneumatically-powered oil 
supply. 

System and table form an integrated 
equipment for any drilling machine of 
suitable dimensions and spindle quality. 
The table is automatically locked as soon 
as the working position is reached and 
a signal may be provided to actuate the 
spindle feed when the table is in place. 
The machine can thus proceed automa- 
tically through a complete drilling pro- 
gramme. 

Information can be fed into the con- 
trol system in the form of 5-hole tele- 
printer tape, or alternatively may be set 
up on dials for manual operation. For 
tape control, ordinates of x and y are 
read alternately from the tape using a 
tape reader, the output of which oper- 
ates the store unit to set up the desired 
position analogue voltages, the machine 
controls, and the automatic cycling faci- 
lity. 


ELECTRICITY — 
Fault location in high voltage lines 


The North of Scotland Hydro-Electric 
Board has many 132kV lines crossing 
difficult and mountainous terrain. If a 
fault occurs it becomes necessary for a 
linesman to patrol the line in search of 
it—a costly and time consuming process, 
particularly in winter. Faults fall broadly 
into three categories: latent—impaired 
ground clearance of a conductor for ex- 
ample, which will not cause flashover at 
normal voltages; sustained—a broken 
conductor, say, or a badly damaged in- 
sulator string; and transient—lines clash- 
ing in a high wind, for example. 


Radar fault locators 

Ferranti have been collaborating with 
the Board in seeking an_ electronic 
method of fault location, and have pro- 
duced a ‘radar type locator.’ This is a 
pulse reflexion device, the reflexion being 
caused by any local variation in line 
characteristic impedance. The distance 
along the line to the fault is obtained 
from the time interval between pulse 
transmission and the reception of its 
echo. 

Two fault locators have been deve- 
loped: a d.c. type which is directly con- 
nected to a dead line and can, therefore, 
be used to detect sustained faults only; 
and an a.c. locator which is coupled to 
the live line through a suitable coupler 
(the coupling capacitor used with the 
carrier control system). The a.c. types, 
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Control desk and 
GEC Multiplex ‘A’ 
and ‘B’ centres for 
the RAF’s ‘Safeland’ 
arrester barriers 
which are being in- 
stalled at certain 
jet fighter aero- 
dromes. Normally 
one A centre oper- 
ates two B centres, 
one for the arrester 
barrier on each run- 
way. The system is 
one in which a 
command signal 
from the A centre 
is received by the 
B centre control- 
ling the barrier, the 
B centre then sig- 
nalling the A cen- 
tre that the com- 
mand has been 
carried out 


which are usually permanently sited at 
substations, can detect transient faults. 
The d.c. locators are portable and, al- 
though they have performed well under 
test, they are restricted in their applica- 
tion. Further development is, therefore, 
proceeding on an a.c. locator for both 
132kV and 275 kV lines. 

The technique to be used for the detec- 
tion of transient faults involves leaving 
the equipment normally in a_ standby 
condition and switching to the operating 
state in the few milliseconds between 
the detection of a fault, by the normal 
line protection equipment, and its clear- 
ance by the operation of the circuit 
breaker. 


sam MIRCRAFT —— 
RAF net runaways 


In order to overcome the problem of 
the jet fighter aircraft which overshoots 
the runway because of wheel brake fail- 
ure etc, the Royal Air Force is instal- 
ling aircraft arrester barriers at certain 
aerodromes. The equipment is of Swedish 
design by Borgs Fabriks' Aktiebolag and 
is known as the BEFAB ‘ Safeland’ 
Overrun Barrier. The system employs a 
wide-mesh nylon net to catch the air- 
craft's wings and thus apply the braking 
action. 

CONTROL understands that the RAF are 


installing the types 4:3 and 6:3 ‘ Safe- 
land’ barriers. According to the manu- 
facturer’s literature, these provide brak- 
ing powers of 17,600lb and 26,400 Ib 
for aircraft in the 8000-17,8001lb and 
9000-—30,800 Ib classes. 

Basically a ‘Safeland’ installation 
comprises: a net, consisting of two hori- 
zontal cables and a series of vertical 
nylon ropes, this being connected at both 
ends to steel cables wound round brake 
drums; two stanchions to raise and lower 
the net and keep it extended; and pneu- 
matic brake and anchor assemblies. 
When an aircraft strikes the net, shear 
pins disconnect the upper horizontal 
cable, so releasing the net from the stan- 
chions, and the lower cable operates the 
brake drums. 


‘Multiplex’ control 

The RAF needed the barrier collapsed 
for normal use of the runway, but wanted 
to raise it rapidly if an aircraft was 
running out of runway, obviously land- 
ing at too high a speed, or if requested 
to by the pilot. It was decided to install 
GEC *‘ Multiplex ’ equipment so that the 
net could be operated from the control 
tower. A typical installation might con- 
sist of two barriers, one for each run- 
way. The ‘ Multiplex’ control for this 
comprises two ‘B’ centres (one per bar- 
rier) each consisting of three transmitters 
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HIGH-SPEED PANEL MOUNTING 
ELECTRO-MAGNETIC COUNTER 


with PUSH-BUTTON RESET 


All the well tried features of our Type 100 Series Electric Counters are 
incorporated in this new model. 

plus—Sealing against dust. 

plus—Large easily read figures. 

plus—Even longer life expectations at 25 counts per second. 


plus—First wheel graduated 0 to 11 as optional standard. 
Writ2 for full details 


ounting oe ae 
nstruments Ltd 


on request. 


COUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS 
Telephone: ElStree 1382 (4 lines} 
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and five receivers, an ‘A’ centre con- 
sisting of five transmitters and six re- 
ceivers, and a control desk in the tower. 
Both B centres are operated from the 
control desk. The five signals from the 
tower are made up of barrier down—run- 
way clear (1), stanchions up but net 
down (2), and net up (2). Hence the 
need for five A transmitters and five B 
receivers. Each B centre signals the A 
centre that these commands have been 
obeyed, the three signals being barrier 
down, stanchions up, and net up. The 
six receivers at the A centre handle the 
three channels from each barrier. 

The RAF has informed CONTROL that 
a number of installations are operating 
satisfactorily and have proved their use. 





ATOMIC ENERGY— 
Italian order for Plessey 


Plessey Nucleonics seem to be doing 
well with their burst slug detection 
equipment for nuclear reactors. Recently, 
they have received an order from the 
Nuclear Power Plant Co. Ltd. for nine 
pneumatically-actuated ‘mine’ precipi- 
tators for the detection of burst fuel ele- 
ments, for the nuclear power station 
NPCC are building at Latina, some 30 
miles south of Rome. It is also under- 
stood that Plessey Nucleonics have re- 
ceived an order for burst slug detection 
equipment for the UKAEA’s advanced 
gas-cooled reactor project which is ex- 
pected to start-up at Windscale in 1961. 

In operation, the precipitator samples 
coolant gas from each of the fuel chan- 
nels in the reactor. Should a fuel ele- 
ment can burst, fission products escape 
and contaminate the coolant system. Two 
of these fission products, krypton and 
xenon, are gaseous and subsequently de- 
cay into active solid daughter products 
which may be collected by electrostatic 


PACE SETTING. Electronic Associates’ 
PACE analogue computer installed at 
the UKAEA's Winfrith Heath Research 
Establishment. Costing about £100,000 
the computer contains two separate 80- 
amplifier systems 


































































































































SCHWEPPTRONICS—A Titromatic Analyser by Electronic Instruments in use on 

the tonic water line in Schweppes’ Hendon bottling plant. The apparatus auto- 

matically and continuously monitors the tonic water stream by taking periodic 
samples and titrating these to a pre-set end point 


precipitation on a wire. The wire is 
passed through a scintillation counter 
working in conjunction with a ratemeter 
which indicates the level of activity on 
the wire. 

Similar precipitators have been 
approved for installation in the nuclear 
power station at Hinkley Point, which 
the English Electric-Babcock and Wilcox- 
Taylor Woodrow group are constructing 
for the CEGB. In this instance the out- 
put from Plessey Nucleonics’ equipment 
is fed into numerous ratemeters and data 
processing equipment by Marconi Instru- 
ments. 


- CONFERENCES — 
Medical electronics 


The Institution of Electrical Engin- 
eers is organizing two conferences of 
some control interest. The IEE’s Elec- 
tronics and Communications Section are 
organizing the Third International Con- 
ference on Medical Electronics in asso- 
ciation with the International Federa- 
tion for Medical Electronics. An Inter- 
national Scientific Exhibition on Medi- 
cal Electronics is also planned. The in- 
tention is to bring together members of 
the medical and electrical engineering 
worlds so that each will gain a better 
understanding of the other’s problems. 
The Conference is expected to take place 
in July 1960. 


Nuclear electricity and 
instruments 


The Measurement and Control Section 
and the Supply Section of the IEE are 
organizing a convention on the Impact 
of Nuclear Development on Electricity 
Supply and on Instrument Techniques, 





to be held in London in 1961. 

Among the subjects to be discussed 
will be present and future energy re- 
quirements in relation to energy re- 
sources available; economics; operating 
characteristics; the siting of nuclear 
power stations and its effect on system 
planning; health physics; radiation de- 
tectors; pulse circuits; nuclear measur- 
ing instruments, for research, processing 
control, and for prospecting and mining 
applications; instruments for nuclear re- 
actors and associated plants; and data 
processing for nuclear applications. 


The Organizing Committee would like 
to receive offers of papers for possible 
inclusion in the Convention. 

CONTROL understands that the Federa- 
tion of British Industries are considering 
holding a Conference on the general 
problems of nuclear generation during 
1961, and that the IEE hope that there 
will be an appropriate coordination of 
arrangements where possible. 


Conferences disappoint 


As CONTROL goes to press, one con- 
ference on space is ending and the other 
starting. First, there was the Common- 
wealth Spaceflight Symposium which was 
sponsored by the British Interplanetary 
Society, the Canadian Astronautical 
Society, the Indian Astronautical Society, 
and the South African Interplanetary 
Society. From our viewpoint a disappoint- 
ing conference. Control would appear to 
be a fundamental of this somewhat blue- 
sky subject but little or no mention of 
any practical device was made. 

The 10th Congress of the International 
Astronautical Federation although much 
more comprehensive, appears to suffer 
from much the same lack of realism. 
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I am the very pattern of a modern business fitment, 

For forward-looking Companies essential equipment. 

On paper or magnetic tapes, on cards replete with punches, 

I provide the facts and figures to substantiate your hunches. ——————————_ 
In fractions of a second I'll produce the right statistics, 

I’m the crystal ball’s successor in all matters of logistics. 

I assist in forward planning, I assess each forward shipment. 

I am the very model of a modern business fitment. 


Men and Machines at your service 


Whatever the size of your business, if you believe that your 
research, production, marketing or financial affairs are 
capable of improvement there are well-established reasons 
for thinking that International Computers and Tabulators 
can help you. 


I-C-T is the largest manufacturer of data processing 
equipment in Great Britain. It offers you the widest range of 
this equipment in the world— punched card machines using 
21, 40, 80‘and 160 column cards — to small, medium and 
large electronic computers employing combinations of 
punched cards, paper tapes and magnetic tapes. This is 


backed by Hollerith’s 50 years and Powers-Samas’ 43 years 
of experience in this field. 

Determining the optimum method of employing data 
processing equipment is a highly skilled task. I-C-T staff 
are experienced in these matters. The combination of I-C-T 
staff, equipment and training has proved valuable to enter- 
prises of widely divergent character and size. It is currently 
saving time, cutting costs, assisting in production control 
and forward planning in firms with a pay roll of under 20, local 
authorities, nationalised industries and vast corporations. 


We suggest that you get in touch with us. 


INTERNATIONAL COMPUTERS 
AND TABULATORS LIMITED 


HEAD OFFICE: GLOUCESTER HOUSE, 149 PARK LANE, LONDON, W.1 
TELEPHONE: HYDE PARK 8080 

OFFICES THROUGHOUT THE UNITED KINGDOM AND OVERSEAS 

ALL THE RESOURCES OF HOLLERITH AND POWERS -SAMAS 
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Kent's satisfactory year 


George Kent had a satisfactory year’s 
trading despite some difficulties, accord- 
ing to Commander P. W. Kent, the 
chairman, in his report for the year end- 
ing April 4 which he presented on 
August 28. Their steering gear interests 
(they market through Cam Gears Ltd) 
had 5%, increased sales, and the outlook 
continues good. They are jointly inter- 
ested with Cam Gears in Hydrosteer Ltd. 
which is producing power-assisted steer- 
ing gears ‘on a profitable basis.’ 


Sales of instruments and meters, were 
down by 6%, this being due to Kent’s 
dependence on capital schemes which 
were hit by past restraint in the national 
economy and restricted purchasing power 
in the export markets. However, ‘ orders 
in this division have improved notably in 
the last few months.’ Kent’s orders for 
equipment for large power stations de- 
creased during the year, but orders in 
such fields as water and sewerage, ‘netal- 
lurgical, nuclear power and industrial 
power plants increased substantially. 
Orders for their new electronic instru- 
ment range are developing and they have 
high hopes for additional sales of this 
equipment in the near future. 


The parent company’s profit for the 
year was down on the preceding year— 
£450,586 compared with £525,654 last 
year—but net profit went up from 
£265,749 to £278,586. 


Gallenkamp-Towers merger 


A. W. Rundle, Managing Director of 
A. Gallenkamp has informed CONTROL 
that ‘ An agreement in principle has been 
concluded whereby it is intended that 
A. Gallenkamp & Co. Ltd. will acquire 
the business of J. W. Towers & Co. 
Ltd.’ Towers will continue to trade as a 
separate company and J. S. Towers will 
continue as Managing Director while the 
interests of the two firms are coordin- 
ated. 


RADIO ASTRONOMY 
Australia’s radio telescope 


The 210-ft radio telescope which is to 
be erected for CSIRO (Commonwealth 
Scientific and Industrial Research Organ- 
isation) at Parkes, New South Wales. 
Australia, will be controlled by a servo 
system developed by the Servo Group 
of AEI Electronic Apparatus Division. 
The moving portions of this instrument. 
only slightly smaller than the 250-ft tele- 
scope at Jodrell Bank, will weigh 
approximately 800 tons but will be con- 
trolled to considerably higher accuracies. 


In addition to the servo control, AEI, 
who carried out a design study on the 
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mechanical elements of the servo drive, 
will supply all electrical equipment asso- 
ciated with the telescope, with the excep- 
tion of that for the master equatorial 
unit, its error detector and the telescope 
control desk, which are being supplied by 
the Berlin astronomical telescope firm of 
Askania-Werke AG. 


AEI are providing an audio-frequency 
intercommunication system between the 
master station at the control desk and 
eleven out-stations ten of which are on 
the telescope itself. Each out-station will 
be able to communicate with each other 
as well as with the master station. The 
controller at the master station can ob- 
tan immediate communication to any 
out-station by cutting-in. Several out- 
stations as well as the master station, if 
necessary, can be interconnected to en- 
able people at the various points selected 
to converse with one another. 


The main contractor is Maschinen- 
fabrik Augsburg-Niirnberg who will 
manufacture the structure. 


Briefs 


Texas Instruments’ new plant at Bedford 
will total 125,000 ft? and is due to be 
occupied in the autumn of 1960. 


Xerography. FFerranti have ordered a 
Rank Xeronic, 3000 line/min, output 
printer for use with digital computers. 


Aircraft instrument repair and overhaul 
service has been organized by Smiths at 
their Bishops Cleeve, Cheltenham, fac- 
tory. Three maintenance schemes are 
operating: an exchange scheme paid for 
at a rate per flying hour; a one-for-one 
exchange scheme; a normal service 
scheme with a four-week turnround. 


Saturable core reactor, the basis of the 
stepless temperature controller, is to be 
the subject of one-day courses. Details: 
James Hartnett, West Instrument Ltd., 
52 Regent Street, Brighton 1, Sussex. 


London Transport’s Research Dept is to 
be housed in a new two-storey 26,000 ft? 
Central Laboratory at Chiswick. 


Kodak have ordered an Emidec digital 
computer from EMI Electronics for 
accounting and stock recording. 


Electrical connectors by the Continental 
Connector Corp. of New York are to be 
manufactured by Ultra Electric for sale 
in the UK, the Commonwealth, Europe 
and Asia. 


Control valves and associated equipment 
in the ‘Super 70’ range of Black, Sivalls 
and Bryson Inc., USA, are to be manu- 
factured by Cockburns Ltd. of Glasgow 
and their subsidiary Cockburns (Neder- 
land) NV in Schiedam, Holland. 


































































LOOKING 
AHEAD 


Unless otherwise indicated, all events take place in 
London. BCS British Computer Society, BritiIRE 
British Institution of Radio Engineers. IEE Institu- 
tion of Electrical Engineers. RAeS Royal Aero- 


nautical Society. SIT Society of Instrument Tech- 
nology. 


WEDNESDAY 2——WEDNESDAY 9 SEPTEMBER 


Annual Meeting British Association for the Ad- 
vancement of Science. York. Details: The Secretary, 
18 Adam Street, Adelphi, WC2 


THURSDAY 3—-SATURDAY 19 SEPTEMBER 
Scottish Industries Exhibition, Kelvin Hall, Glasgow 


MONDAY 7——-SUNDAY 13 SEPTEMBER 
SBAC Flying Display and Exhibition. Farnborough 


SAYURDAY 12—MONDAY 21 SEPTEMBER 
European Machine Tool Exhibition. Paris 


WEDNESDAY 16—FRIDAY 18 SEPTEMBER 
General Meeting of the International Federation of 
Automatic Control. Chicago. Details: The Secretary, 


IFAC, VDI/VDE-Fachgruppe Regelunstechnik, 
Prinz-Georg-Strasse 77-79, Ditisseidorf, Germany 


MONDAY 20—FRIDAY 25 SEPTEMBER 

World Progress in Instrumentation Conference. 
Chicago. Details: Instrument Society of America, 
313 Sixth Avenue, Pittsburgh 22, Pennsylvania, USA 


OCTOBER—SEPTEMBER 1960 

Information Engineering and Theory of Electrical 
Machinery (which includes sections on automatic 
control systems). Details: The Graduate Course 
Supervisor, Electrical Engineering Dept, The Uni- 
versity, Edgbaston, Birmingham 15 


MONDAY 5 OCTOBER—FRIDAY 8 JULY 1960 


Postgraduate Course in Control Engineering. Appli- 
cations to The Warden, College of Acronautics, 
Cranfield, Bucks 


TUESDAY 6 OCTOBER—JUNE 1960 


Postgraduate Course in Control Engineering. De- 
tails: The Secretary, Cambridge University Dept 
of Engineering, Trumpington St, Cambridge 


THURSDAY 22——-SATURDAY 24 OCTOBER 1959 
Eighth Annual SIMA Convention, Brighton 


LOOKING FURTHER AHEAD 


TUESDAY 10—sUNDAY 15 NOVEMBER 


International Exhibition of Laboratory, Measure- 
ment and Automation Techniques in Chemistry. 
Basie. The Association of Swiss Chemists in col- 
laboration with the Swiss Association of Auto- 
mation will hold a scientific congress covering the 
same fields 


MONDAY 16—FRIDAY 20 NOVEMBER 


The Fifth International Automation Exposition. 
New York 


TUESDAY 5——-THURSDAY 7 JANUARY 1960 
Symposium on recent mechanical engineering de- 
velopments in automatic control. Details: The 


Secretary, The Institution of Mechanical Engineers, 
London 


MONDAY 11--WEDNESDAY 13 JANUARY 1960 


6th National Symposium on Reliability and Quality 
Control in Electronics. Washington. Details: 
R. Brewer, General Electric Co. Ltd., Wembley, 
Middlesex 


WEDNESDAY 10-—FRIDAY 12 FEBRUARY 1960 

Solid State Circuits Conference. Philadelphia. De- 
tails: The Chairman, 1960 Solid State Circuits 
Conference, General Electric Co., Electronics 
Laboratory, Electronics Park, Syracuse, New York, 
USA 

THURSDAY 21—TUESDAY 28 aPrit 1960 


American Society of Tool Engineers’ 1960 Tool 
Show and Convention. Detroit 


MONDAY 22-——-FRIDAY 26 FEBRUARY 1960 


Ist Engineering Materials and Design Exhibition. 
Earls Court 


FRIDAY 10—SUNDAY 26 JUNE 1960 


British Exhibition USA. New York. Details: British 
Overseas Fairs Ltd., 21 Tothill Street, SW1 


SATURDAY 25 JUNE—TUESDAY 5 JULY 1960 


Moscow Congress for Automatic Control. Details: 
International Federation of Automatic Control, 
Prinz-Georg-Strasse 79, Dtisseldorf, Germany 
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WORTH ITS 
WEIGHT... 
IN GOLD- 


But so inexpensive 


oA 


DIFFERENTIAI 
PRESSURE TRANSMITTER 


The 200TD111 Differential Pressure Transmitter is a simple, 
small, inexpensive instrument. It is used for the measurement 
of flow, liquid level, pressure or density of fluids. A 3 to 15 psi 
pneumatic signal is transmitted with an accuracy of 1%. 


Because of low original cost and economical installation and 
maintenance, the practicability of flow measurement is now 
extended to many jobs previously considered marginal and 
Steam and Liquid uneconomical, e.g. the metering of steam, water and air to a 


Flow. Typical . : 
i aiieiiana a given department for cost accounting purposes. 


RECORDER plant steam . . 
iene - Ranges 0 to §0, 100, 200, and 300 inches of water. Suitable for 


analysis and Measurements of Flow, Liquid Level, Density and Low Pressure. 
condenser cooling 


water. Light Weight for easy handling; weighs only 4} lbs. Hand 
Size — 3” diameter, 6}” long. 


LOW COST - EASILY INSTALLED - LIGHT WEIGHT 
FIXED RANGE - SIMPLIFIED MAINTENANCE 


bition. Contact TAYLOR Now! 


for bulletin No. 98274/GB 
‘Taylor Controls Limited 


Hale End Road, Walthamstow, London, E.17 Telephone: Larkswood 3371/6 


A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., U.S.A 
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‘ Automation’ or ‘ mechanization’ 


Automation in Engineering by J. A. Oates. Newnes. 
1959. 326 pp. £2 Ss. x wi 


There appear to be two distinct phases in the development of 
automation, The first can probably be described as ‘ mechanical 
automation,’ where the developments are essentially towards 
the progressive integration of mechanical machining and form- 
ing processes, and which has its ultimate expression in the 
transfer line. The second and later phase, which may perhaps 
be best described as ‘electronic automation,’ is concerned 
essentially with the application of advanced instrumental tech- 
niques and data-handling techniques. This phase often involves 
computers, and is perhaps of particular importance to the pro- 
cess industries. 

This book is primarily concerned with mechanical automa- 
tion although the last quarter of the book is on electronic 
machine tool control; the book is devoted exclusively to the 
manufacturing as distinct from process industries, Within these 
limitations it is an excellent handbook of its type. The subject- 
matter covers the use of electrical, pneumatic and hydraulic 
control equipment for position control, particularly as applied 
to mechanical handling. The book goes on to elaborate the 
development of automatic machining devices, including copying 
lathes, gear hobbing and shaving machines, and includes a 
description of various British automatic gauging and mechani- 
cal inspection systems, There is an excellent discussion of basic 
systems of machine-shop automation, followed by chapters on 
the design of rotary and in-line transfer machines. 

This book can be particularly recommended to electronic 
control engineers who may wish to acquire a background in 
advanced mechanization techniques in order to assess the fur- 
ther scope for electronics. They may well be surprised at the 
extent to which pneumatic and hydraulic circuits have been 
developed for logical control functions. 

There are two outstanding omissions in the book which one 
trusts will be corrected in a second edition. One is a description 
of some of the automatic electronic inspection equipments 
developed in the USA, and other is an account of the use 
of solid-state devices, including transistors and phototransistors, 
for logical control. D. B. FOSTER 


Flip-flop: bow-wow 


Multivibrator Circuits by A. H. Bruinsma. ene Press. 
1959. 65 pp. 9s. 6d. 242 
Practical Robot Circuits by A. H. Bruinsma. Cheon dbees 
Press. 1959. 125 pp. 17s. 6d. x 23 


* Multivibrator Circuits’ is a lucid account of the working of 
some multivibrator and gating circuits. It is a popular non- 
mathematical presentation in which exponential functions, for 
instance, appear only graphically. The only prior knowledge 
assumed is of resistance, capacitance and the thermionic valve. 
For each of the main modes of operation (free-running, mono- 
stable and bistable), the author describes only one type of 
circuit, except for brief mention of variations using pentodes. 
Phantastrons, etc., are not included. However, the circuits 
treated are widely applicable, and practical details such as 
synchronization and factors affecting pulse shape are adequately 
dealt with, as is the use of bistable circuits for binary counting. 
Component values are not shown, but can be found in practical 
circuits in the second book. 

The purpose of ‘ Practical Robot Circuits’ is rather obscure. 
After stating that the term ‘ robot’ includes such diverse mech- 
anisms as guided missiles, self-opening doors and accounting 
machines, the writer describes two examples in considerable 
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detail. The first is an electronic dog, which steers itself towards 
a source of light or sound, wags its tail if its name is called, 
barks at objects encountered and licks a warm object presented 
to it. The second is a machine for playing noughts and crosses. 
The descriptions are not quite detailed enough to let a reader 
build similar robots without some ingenuity, though complete 
circuits are shown for the dog. Multivibrators are not often 
seen in battery-valve versions, and the book could be a useful 
source of practical forms. An interesting feature is an electronic 
stabilizer used for one of the battery voltages. In fact, the main 
usefulness of this book seems to be to provide practical ex- 
amples of various electronic circuits in an entertaining context. 

A, M. ANDREW 


Unbiased, but a little overwhelming 


Electronic Digital Computers by Charles V. L. Smith. McGraw- 
Hill. 1959. 443 pp. £4 13s. * 244 
Books about computers fall into two classes; those by mathe- 
maticians and those by engineers, Inevitably each tends to write 
for his own kind. Absence of this bias is rare, but this book, 
although on the face of it written by an engineer, is perhaps 
an exception, being concerned equally with the fundamental 
logic and its engineering representation, as well as the philo- 
sophy of design. By this latter is meant the basic axioms (con- 
sciously or unconsciously) assumed by the designer. 

Mr. Smith, who is head of the Computing Laboratory, 
Aberdeen Proving Ground, USA, sets out to explain how 
computers work. The introductory chapters are on digital com- 
puter arithmetic, instruction codes and general ideas about 
systems. Then there are chapters on basic logical elements, 
storage elements and on combinations of these into registers, 
counters, adders and structures of still more complex logical 
function. Two further chapters on large storage systems are 
followed by functional analyses of the other main organs of 
the computer. The last chapter describes a number of super- 
high-speed computers now being designed and built in the 
USA. 

The author quotes, with references, engineering and logical 
design details of many American and other computers. The 
text, diagrams, printing and make-up are of the high standard 
one expects from its publishers; there are name and subject 
indices. The great mass of detailed, exact and up-to-date in- 
formation given will be invaluable to the specialist designer; 
to the control engineer, seeking an introduction to the pattern 
of behaviour of the whole computer or to its design philoso- 
phy, it may seem a little overwhelming. Dr, Wilkes’ earlier 


book* should perhaps be read first. J. M, M. PINKERTON 
* ‘ Automatic Digital Computers * (Methuen, 1957) 


Books Bicedinall 
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